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New Brunswick, December 13th, 1883. 

To Sia Exedleney George C. Ludlow, Governor of the State of New 
Jersey, and ex officio President of the Board of Managers of the 
State Geological Survey : 
Sir — I have the honor herewith to submit my annual report as 
State Geolt^ist for the year 1883. 

With high respect, 

Your obedient servant, 

GEO. H. COOK, 

State Oealogist, 
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REPORT. 



The Geolo^cal Survey of New Jersey bae been continaed the past 
year. The lai^^ part of the work and of the expense has been 
given to poshing forward the Topographic Sarvey, and good progress 
has been made. The Greodetic Surv^ of the State has also been con- 
tinued, and the lai^est part of that work is now done. There has 
•also been confiiderable time given to work in which the results of for- 
mer work in the survey have been practically applied, ^ose relating 
lo water-eupply, to artesian wells and to mining will be given at 
■greater length farther on in this report. And the usee and benefits 
■of the survey, which is carried on at the expense of the State, and to 
develop its natural resourses, are making themselves more widely 
known every year. 

The different departments into which the work divides itself will 
now be taken np separately. 
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I. 

GEODETIC SURVEY. 



Thia survey is made as a part of the United States Coast and Gfeo- 
detic Survey, and at the expense of the United States Government. 
It is done under the direction of our (Jeological Sutvey, by authority 
of the act of Congress which directs the Coast and Greodetic Survey 
to aid States which are carrying on geological and topographical sur- 
veys. The accompanying small State map has marked on it the 
points which have been accurately determined in latitude and longi- 
tude in this survey. Those marked with a small triangle are primary 
stations which have been occupied, and from which angles have been 
measured to numerous other points. The numbers on points refer to 
their names frhich are given in the following list. Those marked by 
a dot are tertiary stations. No numbers are attached to them. They 
have been observed upon from the primary stations, but have not been 
occupied and used as stations for measuring angles. A list of those 
which have .been observed upon from the High Tome and High 
Mountain, during the past summer, are given below. 

The points which have been selected for primary stations in the 
Bouthera part of the State, but have uot yet been occupied for meas- 
uring angles, are each designated by a small circle and a number, and 
they are set down in the Hat with the other primary stations. 

An iospectiou of the map will show that nearly the whole of the 
State is dotted over with the marks of these points of triangulation. 
The latitude and longitude of each of these stations are determined 
with such accuracy that they are not in error for more than a very 
few inches. This work needs to precede the topographical survey, 
as the latter has to be mapped so ^at all its parts shall be correctly 
adjusted about these points which are the fixed and accurate marks of 
reference. On some of our maps of recent date, where points of lati- 
tude and longitude had not been accurately settled, the maps were ia 
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error in the proper locatioD and relation of their parte as much as a 
mile and in some cases more. 



LIST OF PHIMABY STATIONS DETERMINED. 



on Hip. Nome. 

1. High Point. 

2. Culver's Gap. 

3. Hambui^h. 

4. Bear Fort. 

5. Tome. N. Y. 

6. Buttermilk Hill, NY. 

7. Bald Hill. 

8. High Mountain. 

9. Mount Olive. 

10. Montana. 

11. Weasel. 

12. Springfield. 
18. Big Rook, Pa. 

14. Haycock, Pa. 

15. Pickels. 

16. Goat Hill. 

17. Mount Rose. 

18. Mount Horeb. 

19. Beacon Hill. 

20. Newtown. Pa. 



40. OD Mmp. Kamc. 

21. Disboro. 

22. Willow Grove, Pa. 

23. Stoney Hill. 

24. Mount Holly. 

25. Gowdy's House. 

26. Yard, Pa. 

27. Pine Hill. 

28. Apple-Pie Hill. 

29. Ridge way. 

30. Bamegat Light House. 

31. Bethel, Pa. 

32. Lippincott, 

33. Meeting-houae Hill, Pa. 
84. Buck, Del. 

35. Burdon. 

36. Deakyne, Del. 

37. Pine Mount. 

38. Deep water, Del. 

39. Joscelyn. 



LIST OF STATIONS SELECTED, BUT NOT YET DBTEBMINED. 



. OQ H&p. N&me, 

40. Small's Ridge. 

41. Ham in on ton, 

42. Spring Hill. 

■ 43. Williams town. 



. on Map. N&ine. 

44. Weymouth. 

45. Egg Harbor. 

46. Newfield. 

47. Estellville. 



Tertiary stations. 

The following is a list of the tertiary stations observed upon during; 
the past Bummer : 

FROM HIGH MOUNTAIN. 

[ Powder Mills. 

Caldwell Church. 

Hackensack. 
' Passionist Fathers Monastery. 



Brooklyn Bridge. 
Fairfield. 
Boonton Church. 
Parsippany. 
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Englewood. ' 

CojtemvtHe. 

Moirutown. 

Bergen Fields (Schnalenberg : 
a Church). 

AootherchurchBpireiiiHack- ! 
enaack(DOtolieeryedi]poD 
from any other Ststioo). 

Bftid Honntain. j 

Caldwell Flag. j 

Sheep Hill. 

WatnoDg. I 

Bamseys. 

Wyckoff. 

Allendale. | 



Snffem. 
^lisadee. 

Saddle Birer (not otmerrtd 
npon from any other Sta- 

Wortendyke (not ofaawved 

npon from aoy other Sta- 

tion). 
I^ramna. 

Schraalenberg (X. Church). 
Greenwood Lake. 
A church apire (not ofaserred 

op<H) from any other St»> 

tion). 
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Bald Hoontain. 

Greenwood Lake. 

Schraalenberg. 

Englewood. 

Wyckoff. 

Allendale. 

P. F. Monastery. 

Coy tea vi lie. 

Brooklyn Bridge. 



Bergen Fields. 

Paramoa. 

Beach Mountain. 

Palisades. 

Baiii»eys. 

Hackeaeack. 

Southficld. 
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II. 

TOPOGRAPHICAL SURVEY. 



The State Topographical Sarvey baa been Tigoroasly pusbed for- 
ward during tbe year hj Mr. Vermeule and bis assistants. At tbe 
close of the laet year, it was reported that 1,740 square miles bad 
been surveyed, of wbich 480 miles were done in tbe season of 1882. 
During tbe present year the surveys have extended over 1,116 square 
miles, and tbe total area surveyed is 2,856 square miles. Tbe whole 
area of tbe State we have estimated at 7,676 square miles, so that very 
nearly two-fifths of the area of the State is now surveyed. This, 
however, gives an incorrect idea of the proportionate amount of work 
done. The surveys over tbe roughest and most difficult ground in 
the State are done. And it is safe to say that more tlian one-half of 
the labor of the Topographical Survey has been done. 

Of tbe ground surveyed, 1,260 square miles had been mapped, and 
847 miles engraved and printed in one map, at tbe end of 1882. 
During the past year, 633 square miles have been mapped, making a 
total area now mapped of 1,893 square miles, and 844 square miles 
have been engraved and ready for printing. The whole area now 
engraved is 1,691 square miles. 

In preparing tbe maps for publication, it has been concluded to 
have them all on a scale of one inch to a mile, wbich is 1 to 63360, and 
to have them all of the same size, and as large as they can be conve- 
niently printed on a single sheet of paper. After a number of trials 
to ascertain what would best fit tbe irregular shape of tbe State, and 
the geological belts which cross it obliquely, baying regard also to tbe 
location of important centers of population and business, the plan 
shown on the accompanying small map of tbe State was adopted. 

The entire State requires 17 sheets to cover it. Each sheet is 24x34 
inches in size. At first view it will be thought that they overlap each 
other and require an extra amount of engraving. The overlapping 
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IB not more than enough to give room for titles to the maps, and the 
engraving is not increased, as the printing ia not done from the 
engraved atones directly, but from transfers which can be joined 
together in any way that may be required. 

The numbering of the maps is generally from the north towards 
the south, and they are arranged so that those covering the same geo- 
logical formation can be easily grouped together, thus : 

No8. 1, 2, 3 and 4 cover all the Archaean and Paleozoic rocks. 

Noa, 2, 3 and 4 cover all the Archaean rocks and all the iron ore 
district of the State. 

Nos, 5, 6, 7 and 8 cover the red sandstone formations. 

Nos. 8 and 9, with 10, 11 and 12, cover the clay and marl districts 
of the State. 

Nos. 9, 13, 16 and 17 cover the entire Atlantic shore. 

The sheets can be taken separately or the whole together. The 
maps are all drawn on the same system of projection so that any two 
adjoining ones can be cut, fitted accurately to each other, and made 
into a single map, or they can be folded across and put in an atlas of 
17x24 inches. These, with a map of the whole State, on a scale of 
five miles to an inch, and which will go on the same sized sheet, will 
make a complete atlas of New Jersey. 

The contour lines are drawn on these maps so as to show every rise 
of 20 feet elevation in the hilly portions of the State, and every 10 
feet in the more level portions. They furnish the data from which 
important public undertakings for drainage, for water-supply, for the 
location of roads, railroads, selection of routes of travel, sites for build- 
ings, Ac., may be intelligently studied out. Already they have found 
important uses in forwarding public improvements, and they will 
become indispensable for every citizen interested in public affairs. 

Note. — As the first maps of the series will be distributed this 
winter, while those following may be issued at intervals of several 
mouths, persons receiving the first may find it convenient to preserve 
them in such a way that others can be bound in with them in the same 
atlas. 
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III. 

TERTIARY AND CRETACEOUS FORMATIONS OF 
SOUTHERN NEW JERSEY. 



In preceding reports, the geological structure of tiese formations 
has been given. They are all in pretty uniform and regular strata, 
which, instead of lying level, are inclined towards the southeast, with 
a dip of from 50 to 20 feet to the mile. As the dip of the strata 
farthest southeast was the most gentle, and we had no other measure- 
ments to guide, we were led to consider that there was a diminu- 
tion of the dip in the advance in that direction. And while the beds 
of green sand marl are easily distinguished from each other by their 
characteristic fossils, and some of the fossils of the upper or third 
marl bed were of tertiary forms, wbile all the others were cretaceous 
forms, still it was not easy to draw a well-defined line between these 
two great formations. There was no exposure where they were plainly 
unconformable but the passage from one formation to the other appeared 
gradual and without break. In the last report on the geolt^cal sur- 
vey, attention was called to the important fact that some of the strata 
were very sandy, and would most probably yield good water for 
domestic use if they were pierced by bored wells ; and, assuming that 
the red sand bed overlying the lower marl bed should yield water, the 
depth was calculated at which water could most likely be obtained at 
various places along the sea-shore and on the beaches. The .calcula- 
tion was made by allowing the dip or descent of the strata to be 20 
feet to the mile, and these depths were put in the report and marked 
upon the map accompanying it. 

The observations of tie past season indicate that the cretaceous and 
tertiary beds are not conformable, but that the tertiary beds, including 
the upper layer of the Upper Marl bed, are much gentler in their 
inclination than the cretaceous beds below them. Also, that what has 
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heretofore been designated as the ash marl, or middle layer of the- 
Upper Marl bed, is really much thicker where it is bored through at 
some miles from its outcrop, than it is at the latter Hue ; and that it- 
ooDStitutee the division between the two great formations; though^, 
irom the absence of fossils, it is not possible to say at present which 
one of the formations it belongs to. 

The boring of two artesian wells, the first at Ocean Grove and the- 
second at Asbury Park, have furnished important and eatisiactory 
data for determining the dip of the strata with greater precision than 
it had been possible to get before this, as will be shown farther- 
on in the description. 

The marl beds, with their pecniiar grains of green sand, are easily 
distinguished from the other strata passed through, but the colors of 
the various strata are entirely different from what they are at their- 
outcrops on the surface; what are salmon-colored or yellow, by 
oxidation, near the surface, are all black, or nearly so, in the same- 
strata as brought up in the well-borings. But the singular and 
peculiarly marked Terebratula Harlani, which is only found in the 
Middle Marl bed, cannot be mistaken even when broken up by the ■ 
boring tools, and in the same way the Bdemnitella mu(yronata, or 
"thunderbolt," which is only found in the Lower Marl bed, charac- 
terizes equally well that part of the cretaceous formation. Besides,, 
the well-marked grayish carbonate of lime found in fine powder, or- 
earth, in the Lower Marl bed, marks it as perfectly at the depth of" 
380 feet below the sea-level as it does at other places 50 or 60 miles 
away and 150 feet, or more, above that level. And the sand marl 
which lies at the bottom of the Lower Marl, is of the same character- 

NoTB. — The geological section opposite, from Metuchen to Shark 
River inlet, drawn on a scale of four miles to an inch horizontal, and. 
1,000 feet to an inch vertical, shows the three marl beds by solid black 
lines, and the beds of sand which separate them from one another, by 
dotted sections. The artesian well at Ocean Grove is represented at ■ 
its proper place referred to the line of strike. 

The Jamesbui^ well, described in the report of 1881, also is shown- 
in its proper geological position. It begins in the strata almost imme- 
diately under those in which the Ocean Grove well terminates, and 
continues down through most of the eretaceous strata, and muat have - 
ended very near the underlying rock. 
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that it IB at the surface where the bed outorops. With these particu- 
lars given for the identification of tiie several strata, the description 
of the Buccessfal boring of the Ocean Grove well may now follow. 

ABTESIAN WELL AT OCEAN GKOVE, MONMOUTH OOUHTY. 

This well is located at Ocean Grove, a well-known sea-side resort 
in Monmouth county. It, is a flowing well, yielding a daily supply 
■of 60,000 or 70,000 gallons of sparkling, pure and wholesome water. 
It is the first deep well which has been twred into the watfir-bearing 
cretaceous strata of New Jersey, and its success gives assurance that 
all our sea-side resorts can obtain a like supply of water of unexcep- 
tional quality by ot>eDing wells into these strata. 

This well was bored for the Ocean Grove Association by Mr. H. C 
Safford, of Brooklyn, N. Y. The well, for about 50 feet down, was 
lined with a six-inch iron tube, but from that on down to the depth 
of 382 feet it was bored without tubing. The material in which the 
well is bored is all earthy, and not rock, with a possible exception of 
two layers, each a few inches in thickness, which the workmen thought 
hard enough to be called stone. The boring was opened by raising 
and dropping a heavy iron rod with a chisel or drill-poiuted end. 
When operating, the working up and down of this implement was 
carried on till the material was cut up and loosened for a foot or two 
down, when the rod would be withdrawn and a sand-punip put down 
In its stead, which was worked in the same way until it was filled with 
the loose material, when it was drawn up and emptied, and the drill put 
down again and more of the material loosened, to be taken out by the 
sand-pump, and so on till the water-bearing stratum was reached. 

As the several strata were met, differences in the materials raised 
were very plainly marked, but from the way in which the boring was 
carried down without tubing, it was impossible to hinder some of the 
earth from the higher strata from being mixed with that in the part 
which was being worked, and so the changes could not be as sharply 
defined in quality or depth as they could have been in a tubed well. 
But from the records kept by the men who bored it, the following 
statement, of the materials passed through, is prepared : 

18 feel— Sand and gravelly earth, 

30 " Black clay, for 12 feet. 

69 " '• " and grains of green sand, 10 feet; black clay, 34 feet. 

82 " Lighter colored clay and grains of green sand. 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. 17 

92 feet — Light colored clay, 4 feet, and pure greensand grains. 

102 " " " " 2 feet, and fine-grained stone, light colored. 

110 " Clay, light colored, and plastic, 

132 " " ash colored, and flaky. 

146 '' " " with fragmenta of light colored stone. 

166 " Light ash colored clay. 

177 " Darker ash colored clay, 

185 " Black clay, coarse and free from mica. 

195 " " " micaceous. 

210 " " " " fine. 

341 " " " " coarse and rough. 

^SS '' Sand, compact and greenish. 

280 " Broken shells, fragments of Terebraiula Harlani. 

300 " Grains of greensand and few shells. 

308 " Dark greenish clay, compact. 



360 " Greensand and calcareous earth. 

382 " " " grains, open sand and BelemnUetia mueronaia. 

397' " Petrified stratum, 1 foot thick. 

404 " Clay, for the last 6 feet. 

420 " Open sand, for last 16 feet. 

But little water was met until a depth of 382 feet was reached, 
when the water rose to a height of 18 or 20 feet above the surface. 
At this depth a four-inch tube was put in the well and properly set, 
£o as to hinder any loss by leakage around the tube, and also to shut out 
any surface water that might otherwise find its way down the outside 
of the tube. 

When the tube was fixed in its place the drill was again put down, 
the sand and earth was stirred for 38 feet further, and several cubic 
yards of sand were taken out. The water, in this way, was much 
increased in quantity, and it rose to a height of 28 feet above the 
surface. 

The water which flows from the well has a temperature of 60° Fahr., 
is clear and colorless, and contains 8.5 cubic inches of carbonic acid per 
gallon. An analysis of the water, made by Prof. F. A. Wilber, shows 
it to contain 8.19 grains of solid matter in one gallon (58,333 grains), 
of which the following are the component parts : 



;vGoo»^lc 



18 ANNUAL REPORT OF 

ANALYSIS. 

Sodium 0.274 grains. 

PotasBium 0.510 " 

Calcium 1,520 " 

M^Deaium 0.286 ■' 

Silica 0.682 ' " 

Alumina and Oxide of Iron 0.402 " 

Chlorine 0.449 " 

Sulphuric Acid (SO,) 1.540 " 

_ Oxygen in Calcium Sulph 0,205 

Carb 0.404 " 

" M^neeium Carb 0.186 ■' 

" " PotasBium Sulph 0.104 " 

Carbonic Acid (COj) in Calc. Carb 1.115 " 

Mag. Carb 0.512 " 

Total Solide found 8.189 " 

These constituents are probably combined as — 

Sodium Chloride 0.706 graius- 

Potflflsium Sulphate, 1.138 " 

Sulphate of Lime 1.728 *' 

Carbonate of Lime 2.530 " 

" Magueaia 0-976 " 

Chloride of Magnesium. 0.029 " 

Silica 0.682 " 

Alumina and Sesqui-oxide of Iron 0.402 " 

Total Solids 8.191 " 

The amount of solid matter in the water is so small that it is- 
properly classed as soft water, and the quantity of iron in it is so little 
that it does not produce any discoloration. 

As would naturally be expected, there is no organic matter in it, 
and it is entirely free from contamination by surface impurities. 

The depths at which the various geological strata were met in 
boring this well, give proOf of the regularity of the geological struc- 
ture of the southern part of New Jersey. They show the occurrence 
of the several beds of marl, with their intermediate beds of other mate- 
rials, in the same order that they occur at their outcrop, which is some 
10 or 15 miles farther to the northwest. They also yield the same 
characteristic fossils — thus, the BdemnUeUa mucronata is found in 
the Lower Marl bed here as well as in the surface marl pits, and the 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. 1» 

Ter^oMila Sarlant, ao peculiar and well marked a shell found in the 
Middle Marl, bed, is also found in its proper place in the marl iu this 
well. 

The greater distance' between the outcrop of the Lower Marl bed 
and its occurrence in the well has given an opportunity to determine 
the dtp of the strata with more accuracy than we have been able to 
determine it heretofore. The longest outcrop in the direction of tlie 
dip which we had heretofore got was from Middletown to Red Bank, 
a distance of 4J miles; and this gave the dip of 37 feet per mile. We 
now have the whole distance from Middletown to the well,- which is 
14f miles, and the marl at the former place is 170 feet above tide- 
. water, and at the latter place it is 370 feet below the tide. This gives- 
a descent of 540 feet in 14| miles, which is 36.6 feet descent per mile. 
And in the same way the Middle Marl bed is 305 feet above tide- 
water at Big or Crawford's Hill, and at the well, which is 16 miles 
from it, the same marl bed is 280 feet below tide-water. This gives 
au average dip of 37 feet per mile. 

The u[^r layer of the Upper Marl bed was not marked, in boring 
the well, with sufficient accuracy to determine its exact depth beneath 
the surface, but all our observations hitherto have led us to the con- 
clusion that it dips about 25 feet per mile towards the southeast. 
And from lack of information to the contrary we have inferred that 
the several beds of marl were parallel to each other, and that their dip 
diminished in going towards the southeast. The well boring has 
shown that the middle layer of the Upper Marl bed is much thicker 
at that place than it is at its outcrop, and that the upper and middle 
layers of the Upper Marl bed are not conformable to the lower layer 
of that bed or to the other marl beds. The Lower and Middle ^arl 
beds belong to the Cretaceous Age, while the upper layer of the Upper 
Marl bed is of the Eocene Age. And the two beds are unconforma- 
ble, as has been found to be the case generally in other countries. 

In our report for 1882 we gave the depth at which water-bearing 
strata might be expected to occur, at various distances to the southeast,. 
from the outcrop of the marl beds, and recomiueoded the sinking 
artesian wells. The result of this boring is to show that the water- 
bearing stratum which supplies Ocean Grove is a bed of open sand, 
which we have formerly described as Sand Marl and which is imme- 
diately under the Lower Marl bed. It is about 20 feet lower thaa 
we hoped to find the water. 
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As the Ivower Marl bed dips 37 feet per mile, while our calcnla- 
tioas were for a dip of only 25 feet per mile, which is ihe dip of the 
Upper Marl bed, the well is deeper than we calculated for, and should 
the dip of the Middle and Lower Marl beds continue the same as they 
have thus far proved to be, and the same water-bearing stratum has 
to be reached, then wells will be deeper tian was calculated for last 
year. But the character of the strata of sand and marl found in the 
boring is so well mariied, and so completely like that at the surface, that 
they give strong encouragement of their continuance to distances still 
farther away from their outcrop, and a reasonable expectation that 
they will yield water for the supply of all the towns and villi^es 
along the sea-side. 

ARTESIAN WEIX AT ASBUHY PARK. 

Since the completion of the well at Ocean Grove, Mr. Uriah "White, 
of Asbury Park, has sunk an artesian well at that place, and, at the 
date of this report, it is just down, and is sending up a fine flow of 
pare water. The well is located on Mr, White's lot, about 300 feet 
from the depot, and 3,276 feet northeast from the Ocean Grove well. 
This distance, however, is oblique to the line of dip, and by making 
proper allowance for this oblique measurement it is found that it is 
only 2,316 feet farther up on the sloping stratum than the former 
well is. As the dip of the stratum is near 37 feet per mile, the well 
at Asbury Park should not be as deep as that at Ocean Grove hy 16 
feet ; and, further, as the ground at the latter is four feet higher than 
at the former, it follows the measurements taken from the sur&oe at 
Aehury Park well should be 20 feet less than those at the Ocean 
Beach well. 

The well at Asbury Park is lined with an eight-inch wrought iron 
pipe to the depth of 372 feet, and is bored 21 feet in the earth beyond 
the tubing. 

The same quality of materials was passed as in the first well. The 
layer of shells containing Terehratula Harlani was reached at the 
depth of 270 feet, and continued seven feet with a considerable body 
of greensaud marl under it. At 365 feet sand was met with frag- 
ments of Belemnitella mucronato, Exogyra oostaia, Gryphea oonvexa 
and Oatrea falcata. 

At 378 feet the sand was very solid, and continued with three feet 
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of very hard material and then about 10 feet of very loose sand almost 
like beach sand. 

This second well gives a confirmation of the continuity of the 
water-bearing stratum, and it is hoped will lead to the boring of 
many more along the shore. The value of a supply of pure water 
such as these wells afford can hardly be over-estimated, and ita sani- 
tary benefits will lend another attraction to numerous health resorts 
along our sea-shore. The water is absolutely free from contaminiition 
with oi^nio matters, it is soft enough for laundry purposes, and trial 
proves that the minut« quantity of iron in it cannot be seen in the 
clothes washed in it, any more than it can in the pore and limpid 
water which flows from the wells. 



:vGoo»^lc 



ANNUAL REPORT OF 



IV. 

THE RED SANDSTONE AND TRAP-ROCKS. 



The report of last year coDtained a good deal of matter upon these 
rocks, and the subject niight, perhaps, be left to some future and con- 
cluding report. But there are so many perplexing questions connected 
with the geological origin and condition of these rocks, that it becomes 
profitable to us to inform intelligent observers of the coDdttion of the 
work, and to ask their co-operation in collecting and digesting the 
facts which may help to bring a correct solution of the difficult ques- 
tions. 

During the year, Prof. W. M. Davis, of Cambridge, Mass., has 
published a paper " On the Relations of the Triassic Traps and Sand- • 
stones of the Eastern United States," in which he has given a list 
of 67 writers who have prepared papers on the subject, and has given 
a resume of the conclusions reached by many of them. He has also 
given his views as to the time of the origin of the trap-rocks, consid- 
ering that while some of the mountain ridges of trap are manifestly 
intrusive, and have forced their way up between the layers of red 
sandstone, that otherswere overflows; that ia, that they were poured 
out upon the surface of the red sandstone while it was in process of 
deposition, and that after this overflow of trap other layers of sand- 
stone were deposited upon the cooled surface of the trap. He consid- 
ers the Bergen Hill and Palisade range of trap to be clearly intrusive, 
but is doubtful in regard to the first and second ranges of the Wat- 
chung mountain, and is inclined to consider them overjlowa. He 
thinks that in intrusive traps the sandstone and shale rocks are 
changed, " baked," as it were, by the heat of the melted trap, while 
in overflows the upper sur&ce of the trap, from cooling in the open 
air and without pressure, is light and full of amydaloidal cavities, and 
where any sandstone or shale overlies it these overlying rocks show 
no signs of having been heated or in any way changed. 
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Oar own observatioiis lead us to the conclusion that the trappeaii 
Tocka, whether in the form of dikes or of mountain ridges, are all of a 
later age than the red sandstone and shales in which they occur, and that 
they were intruded after these sedimentary rocks had been elevated to 
their present inclined position. 

The trap-rocks, when found in the long mountain ridges, have the 
appearance of great sheets or layers of trap interposed between the 
beds of sandstone. They are not, however, exactly true to the beds 
of sandstone, but in some instances they vary from the lines of bed- 
ding, splitting the layers a little higher or a little lower, as the case 
may be, and this is the strongest and plainest evidence of their intru- 
sive origin. When the Triassic rock, in contact with the trap, is a 
pure sandstone, it does not show any marked change in color or 
appearance from its nearness to the melted rock. The Haledon quarry, 
of which a view is here given, has the trap in contact with the sand- 
stone, and yet the sandstone is unchanged. The rock in the quarries 
at Paterson also is not materially changed. At Little Falls the 
-sandstone is seen close under the trap, and even in the shaly beds is ■ 
unaltered. And at many points in the First and Second ridges of 
the Watchung mountains the sandstone can be found apparently 
unchanged, and near the trap. But when the Triassic rock is a shale 
it shows decided changes by the action of the heated trap. That near 
Davison's Mill, on Lawrence's brook, six miles southwest of New 
Brunswick, has changed to a hard, black, smooth-grained and flinty 
slate. That near Griggstown copper mine has chanf;ed in color to a 
^uU gray with a slight crimson tint, and in structure it is somewhat 
harder, and numerous spherical nodules of about the size of peas are 
developed in it; these nodules when broken across having the appear- 
^mce of fine crystals of hornblende, radiating from the center. At 
Lambertville, on the Delaware, a portion of the shale has been changed 
in color so much as to show only the faintest tinge of its original red 
color, and in substance it is much harder and has developed in it 
numerous nodules of epidote, which are radiated in structure and from 
an inch to two inches in diameter. Near the same place, but in a dif- 
ferent stratum, the shale has become of a light slate color, and crystals 
of black tourmaline in great numbers have been formed in it. These 
«rystals are very short, being generally not more than a sixteenth of 
an inch in length, though they are from an eighth to a half inch in 
-diameter, and with perfect terminal faces. At Weehawken, near the 
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Erie coal depot, where the trap has burst up through the layers of 
shale, the latter has been chaoged to a hard, faintly reddish rock of 
fine grain, and one' very little changed by atmospheric influences. 
Bowlders which have been torn from it are mixed in with the trap 
bowlders from the hill, and are scattered over some of the vacant lota- 
back of Jersey City. On the western face of the Palisade range, on 
the road from Alpine to Closter, the red shale has become hard and 
flinty without undergoing very much change in color, perhaps a little 
darker than its usual color when in its ordinary Bofl state. There is 
also an exposure of altered rock at the station Homestead on the 
Northern Railroad of New Jersey. The shale on almost the whole 
of the northwest slope of Sourland mountain is changed in color and 
hardness, so as to be recc^nized as indurated shale. On the northeasts 
ern slope of the First Watchung mountain, and about two miles 
southeast of the village of Pluckamin, the altered rock is also to be 
seen. It is also seen at the old Field copper mine, near the northwest 
foot of the same mountain. There is another locality still farther 
. northeast, on the northwest slope of the same mountain, about a mile 
northeast from the gorge through the mountain back o£ Flainfield. 
The altered rock here has taken on a somewhat different appearance. 
There are some thin beds ii» it here which are calcareous, and the 
changed rock has put on something like the appearance of a marble 
approaching a serpentine — a singular and very variable rock. 

In the old copper mines at Belleville the shaie is indurated and the 
sandstone much whitened by the lat^e tabular masses of trap which 
have been intruded between the layers of Triasaic rock. 

The occurrence of amydaloidal or cellular trap is not decisive. It 
is evidence that there has not been much pressure upon the rook to 
solidify it, but in some cases it is also plain that such rocks are very 
near iJie original surface where the trap had risen entirely through the 

Note. — The view at Haledon quarry shows the bedded sandstone 
in the for^;round, and at the bottom and above it the wall of trap- 
rock rising to the surface of the ground. On the right-hand side^ 
and in line with the derrick, the sandstone is split up into thin, rec- 
tangular plat«s by vertical joints at right angles to the plane of bed- 
ding. A fault of about four feet traverses the rock in this direction^ 
but is not so well exhibited here as on the extreme left and beyond 
limit of our view. 
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sandstone to the open air, and it may have been so in the other cases. 
In the First of the Watcbung mountains, while there is much cellu- 
lar trap near the top of the mountain, there are highly altered or 
baked shales on the northwest slope, near the base of the mount, of 
which three cases have been already cited. The singular curved form 
of almost all the trap-ridges, with their convex sides towards the 
southeast, is such as would be expected from a vertical force pressing 
against an inclined stratum of rock. It is remarkable that in the 
New England Triassic, where the strata dip towards the southeast,, 
that there the curved form of the trap-ridges, which is quite as marked 
as in ours, is so as to present their convex sides towards the northwest. 
But many more facts are desirable before any theory will be absolutely 
proved. 

The Triaaaic rocks have not been subjected to the powerful disturb- 
ing agencies which have bent or folded the strata of the older rocks> 
They are found fractured in many places, and a few faults of limited 
extent have been detected. The rock is so uniform in color and 
structure, and wherever exposed it is so rapidly disint^rated that 
faults in it are not easily detected, or easily traced when they are 
detected. They would furnish the simplest explanation of some of the 
peculiarities of the formation if they could be traced out, and much 
labor has been expended in the search for them, but with only mod- 
erate success. The accompanying view in a quarry at Haledon shows 
a fault of five or six feet, and the remarkable breaking up of the 
thick beds of sandstone by numerous vertical fractures or intermediate- 
joints. Another fault in the red sandstone at the end of Garrett Rock, 
near Pateraon, is very plain, and has been described by Mr. Davis, of 
Cambridge, this year. A fault in the sandstone at the Belleville quarries 
was figured in our report last year, and one in N. Y. & Greenwood 
I^ake Railroad cut, at Arlington, was described in the report of 1882. 

In the shallow rock cuts on the Easton and Amboy Railroad, near 
Sidney Church, in Hunterdon county, thereare considerable disturb- 
ances in the strata and more curved layers than we have seen exposed 
anywhere else in the State. 

The hypothesis was suggested in last year's report, that after the 
" deposition on a very uneven bottom, the underlying rock has been 
disturbed by a number of axes of elevation, or else of great faults,. 
which have crossed the formation obliquely, but in a direction much 
nearer north and south than the general trend of the formation."' 
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The OGcurrenoe of the long outcrop of Silurian limeetone in the 
middle of the Triaseic rocke at New Hope, opposite to Lambertvilie, 
on the Delaware, was cited as favoriag this view ; and the occurrence 
of the coarse, lightKiolored sandstones in a portion of Hunterdon 
county, and in range with the limestone, was further cited, with the 
&ct that these sandstones are almost identical with those bordering 
the limestone in Pennsylvania, and those bordering the gneiss rocks 
near Trenton. A considerable tract of country in the valley of the 
Raritan has the sandstone dipping easterly, also as if conformable to 
some axis nearly north and south. Prof. J. D. Dana, in the Amaiaan 
Joumai of Sdenee, in remarking upon this hypothesis, considers it to 
need more facts before it can be received as settled truth. And they 
are undoubtedly needed before it can be accepted as correct. 

Mr. Nelson H. Darton, a chemist and geologist, from New York 
city, has been devoting much labor to some of the questions connected 
with the trap and sandstone, especially that of the Palisade range. 
His papers in the New York Academy of Science, as well as hia 
letters to the Survey, are very instructive and su^estive. 

As new exposures of the rocks are made in railroad cuts, mining 
explorations, or other works, we are looking for other evidence of 
faulta, and from them of answers to the questions which now trouble 

These points are given even in this incomplete and unsatisfectory 
form, with the hope of awakening interest and inquiry among those 
living on the debatable ground, and getting a lai^er number of per- 
sons observing and recording facts. It is in this way that we may 
reasonably hope to more quickly secure needed information. 
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V. 
ARCHAEAN ROCKS AND IRON ORE. 



QEOGHAPHICAI. EXTENT AND SURFACE FEATURES. 

The Archaean rocks outcrop in the mountainous region of the 
northern part of New Jersey. The same mountain range is known 
in New York as the Highlands ; and it is crossed by the Hudson river 
between Fishkill and Peekskill, and by the Delaware between Marble 
mountain and Johnson's Ferry. For convenience, the name of High- 
lands is here retained for the New Jersey portion of the chain. It 
ruDS southwest into Pennsylvania, and there goes by the name of the 
South mountaiD. Its breadth on the New York line is 22 miles; on 
the Delaware, 10 miles; and its length about 60 miles. The area of 
the whole belt, with the included beds of limestone, slate and sand- 
stone of newer formations, is about 900 square miles; that of the 
Archaean rocks proper is estimated at 770 miles. The range consists 
of many ridges which are in part separated by deep valleys and in 
part coalesce, forming plateaus or table lands of small extent. Some 
-of the includerl valleys are quite as deep as the red sandstone plain on 
the south and the Kittatinny valley on the north and west. The 
ridges stand in a sort of en Echelon position, one sinking down and 
another rising up and succeeding it. And these ridges trend more 
□early north and south than the course of the range as a whole. The 
valleys which separate them, when followed, are found to open out 
into the country on the northwest and to the southeast. The valley 
of the Eamapo river in New York ; that of the Wanaque creek in 
Passaic county ; German valley ; the valley of West Milford and 
Greenwood lake ; the Vernon valley ; the valley of the Wallkill ; the 
}f uscooetcong ; the Pohatcong and the Pequest valleys are all illus- 
trations of these peculiar features. Of the ridges in this range, the 
most promioeDt are the Bamapo mountain, Trowbridge and Watnong 
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luouDtainB od the southeast border ; Wawayanda and Hamburg mouo- 
tains, Schooley's mountain and Musconetcong mountain in the central 
part; and Pochuck mountain, Pimple hills, Jenny Jump mountain, 
Scott's mouataio and Marble mountsia on the northwest side. There 
are many others of equal elevation, but oot so long nor so prominent 
in the scenery of the region and which lack names excepting such as 
are of exceedingly local nature. 

A characteristic feature is tlie absence of what might be termed 
Alpine structure or aceoery. There are no prominent peaks or cones. 
The ridges are even-topped for long distances, and the average eleva- 
tion is uniform over wide areas. Looking at the crests alone and 
imagining the valleys and depressiona tilled, the surface would 
approximate to a plane gently inclined toward the southeast and 
toward the southwest. The descent or dip to the southeast would be 
greater than that to the southwest. The mean altitude of the ridges 
on the southeast border, of the crest line of the Bamapo belt, is, io 
round numbers, 1,100 feet at the northeast and 800 feet at the south- 
west, a slope toward the southwest at a rate of about 12 feet per mile. 
Looking at the northwest crest line of the Musconetcong belt and west 
of the center of the Highlands, the altitude ranges from 1,400 feet in 
the Wawayanda mountain, at the northeast, to 900 feet in the Mus- 
conetcong mountain, near the Delaware river, equivalent to a descent 
of 10 feet per mile. The differences between the heights of this crest 
line and that of the southeast border would give various rates of 
descent, from 20 to 36 feet per mile. The crest line in the northwest, 
passing through Pochuok mountain. Pimple hills, Jenny Jump moun- 
tain, Ka^ed ridge and Marble mountain, does not show a uniform 
descent to the southwest, as the elevations of Pochuck, Pimple hills 
and Jenny Jump are each on an average from 1,000 to 1,100 feet. 
Ragged ridge declines to 800 feet and Marble mountain to about 700 
feet. It may be noted that these figures of descent to the southeast 
border from the northwest-central parts of the Highlands are little 
less than the rate for the Cretaceous and Eocene beds in the southeast 
and southern parts of the State. Reference to the forthcoming topo- 
graphical sheets, Nos. 3 and 4 of the new atlas of the State, will show 
how remarkably even-topped these ridges of the Highlands are, and 
enable the reader to construct for himself the plateau indicated here 
by these crest lines. The steeper southeast slopes are also apparent 
on studying the topographical maps. This feature is more fully 
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referred to in the diacussion on geol<^cal structure. The existence 
of plateaus or table lands also is demonstrated by the contour lines of 
the topographical survey. The more prominent and lai^r of these 
high levels are, the country south of Dover and east of German Val- 
ley, Scbooley's mountain range, Scott's mountain and the country 
from Lake Hopatcong, extending northeast through Sussex and Pas- 
saic counties to the State line. They are not to be understood as 
level, but as diversified by the ridges which rise from 100 to 300 feet 
above the deepest depressions, the latter being 400 to 600 feet above 
the adjacent valleys and plain country. Once upon them the so-called 
mountains disappear and sink into hills, whereas, when viewed from 
the valleys, the plateaa or teble land rises up as a mountain. And 
hence the origin of many of the names by which the various ridges are 
known. Near the valleys the apparently loily ridges are designated 
as mountains ; in the ridges, away from the valleys and outside plain 
country, names are often wanting for even the highest crests, as they 
are called hills. 

The highest point in the Highlands of New Jersey is near the Wil- 
liams mine and two and a half miles due south of Vernon, Sussex 
county. Its height above the ocean is 1,496 feet. Another point of 
about the same elevation — or a few inches only, lower — is near Sand 
pond, and two miles southeast of McAfee valley. Both points are in 
the Wawayanda-Hamburg range. The greatest depression in the 
range is where the Delaware rivei- crosses it, from Marble mountain, 
Dorth of Phillipsbui^, to Holland station. The ordinary level in the 
river at Marble mountain is 167 feet. The Central Bailroad of New 
Jersey and the Warren Railroad cross it in a gap of 637 feet. The 
Morris Canal summit and the Delaware, Lackawanna and Western 
Railroad is 916 feet. The highest point on the line of the New York, 
Susquehanna and Western Railroad is 1,032 feet. The New York, 
Lake Erie and Western Railroad crosses the Highlands a few miles 
north of the New Jersey boundary, and its summit is 514 feet. And, 
lastly, it should be stated that the Hudson is a tidal channel cut 
through the whole range. 

A characteristic feature of the top<^raphy in the northeast portion 
of the New Jersey Highlands is the inequalities in the slopes of the 
subordinate ridges descending to the northeast and the southwest. 
The former are long and gentle, while the latter are short and steep. 
This peculiarity in the surface is exhibited by diagrammatic sections 
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of typical hilla and regions shown in a figure on a succeeding page of 
this report. The study of the maps will enable the reader to find 
many examples in addition to those there illustrated. 

The surface of the Highlands is partly explained by its structure 
and partly by the fact of the glacial drift, which covers more or less 
of the, ridges and fills many of the depressions and valleys deeply. 
The southern limit of the great continental terminal moraine was de- 
scribed in the annual reports for 1877—1881, In the latter report,, 
notes describing the surface accumulations of this drift were given. 
In general, it may be said that, north of the terminal moraine, the out- 
cropping ledges of rock are in nearly all cases bard, firm and rounded 
or polished by glacial action. The a^r^ate area of exposed rock sur- 
&ce is large, as outcrops are numerous in all part£. In the hollows and 
lower parts of the district the drift and the alluvial accumulations of 
earths and sandy clays, washed from the hills, and peaty growths con- 
ceal the rocks. ' This part of the Highlands is remarkable for its 
numerous lakes and ponds, all of which owe their origin to drift or 
to glacial agency. The country south of the terminal moraine has no 
lakes in it ; and the ponds are small and nearly all of them are arti- 
ficial reservoirs of water. The Highlands south of this moraine 
limit are distinguished by the disintegrated and weathered condition 
of the gneissic outcrops. There are exceptional localities where the- 
rocks are hard, but not altt^ether unaltered. Generally, the vseather- 
irig or alteration can be observed to a considerable depth. In some 
of the mines the rock is friable, and can be broken up by a pick at a 
depth of over 100 feet beneath the surface. Alterations to depths of 
ten to thirty feet are common. The surface earth is not the mixed 
debris of distant ledges and formations, but the material from th& 
rock thus disintegrated and fallen to pieces. In places, local washes 
or drainage of slopes has apparently mixed the materials to some 
extent. As a consequence of this weathered condition of the rocks- 
near the surface, the country south of the glacial drift line is marked 
by its adaptation to purposes of tillage, and the area in farms and 
under cultivation is much greater, proportionately to the whole sur- 
face, than it is north of the terminal moraine, where the numerous 
ledges and the bowlders of the surface make neat tillage almost impos- 
sible without ranch labor and expense iu their removal. Another 
marked distinction is in the more regular and uniform slopes in the 
driftless parts of the Highlands. The slopes are dip-slopes, or the 
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natural slopes resultiDg from drainage which has been, determiaed hy 
the structure. In the glacial drift-covered areas the slopes may be- . 
very irregular, and the drainage has been modified greatly by this 
drift. 

In the Highlands there are some outcrops of rocks newer than the 
gneisses, granites and other crystalline rocks, which attain elevations 
and make ridges equal to those which may be properly classed as 
parte of the Highland range. In some of the valleys, the slate 
ridges are prominent features of the surface. But the moat prominent 
are the Bearfort or Rough mountain, Kanouse mountain, Copperaa 
mountain and Green Pond mountain. These ridges constitute a belt 
which extends from- the New York line southwest to Succasunna 
Plains. They are very rooky, and have steep slopes; and they are 
of about the same height as the gneiss on each aide of them. They 
are rec<^nized in the landscape as wanting the softer and more 
rounded lines of the gneissic ridges, and are also distinguished by 
their more scanty tree coverirfg and absence of any signs of tillage or 
farming lands. They do not properly belong to the Highlands of" 
the Archaean age, as their strata lie uncomformably upon the tilted 
gneisses; and the latter were thus upraised and folded long before 
these sandstones, siliceous conglomerates and arenaceous shales were 
deposited. Later changes of level and glacial action have been com- 
mon to both of them and the older strata on which they repose. 

For complete illustration of the various features of the surface con- 
figuration, reference must be made to the topc^raphical maps of the 
Survey, which now cover all of the H^hlands. 



The rocks which make up the Archaean Highlands of New Jersey 
are metamorphic or crystalline. They include granite, syenite, 
gneiss in its several varieties, crystalline limestone and magnetite. 
Besides these more common rocks, there are other species of limited 
extent and rare occurrence. Mica-schist, hydromica-schist or slate, 
hornblende- schist and serpentine are among the species more rarely 
seen. Two varieties of gneiss constitute a large part of the whole - 
area of outcrop. They are the feldspathic, &nd the hurnblendic or 
syenite-gneiss. The rocks are generally plainly crystalline in struc- 
ture, varying from coarse to fine, aooordiug to the size of the com- 
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pODCDt mineralB. Aphanitic, or microscopic etructare, in which the 
miaerals cannot be determined without the aid of the microscope, is 
rare. The minerals are often arranged in parallel lines or thin lasers, 
and the mass sometimes haa a laminated stracture due to this arrange- 
ment. In some cases it is the clue to the etratiBcatioo where the bed- 
ding planes are indistinct or wanting through masses of considerable 
thickness. The feldspathic gneiss is marked by the feldspar, its 
most abundant or predominating mineral. Orthoclase, or the potash 
feldspar, is the common mineral species, with oligoclase and albite as 
accessory species. And according to the nature of thb conatituent, 
the rocfe varies in appearance, texture and firmness. The great 
degree of disintegration and decay in places is owing to the oligoclase 
- in the mass. The cjuartz is in the form of flatt«ned grains up to half 
an inch in length ; of white or bluish white shade, and translucent to 
opaque. Mica is rarely altogether wanting, though oftea in small 
quantity. It is oiien found in very thin layers or laminse, and makes 
the stone split readily in the plane of tHese micaceous layers. Gener- 
ally it is in scattering thin scales, and altogether subordinate to the 
feldspar- quartz mass. It approaches the species of granulite, but 
does not quite answer to it, as Che mica is present in more than traces. 
This variety of gneiss weathers in its outcrop, and produces a gray, 
grayish white and quartzose or sandy soil of a somewhat open and 
porous nature, which is characterized by its forest growth of chestnut 
timber. 

The hornhlendic gneiss, or syenite-gneiss, is not so common as the 
feldspathic variety. In it the hornblende appears as the principal 
mineral constituent, and gives character to the rock. Feldspar is 
also present, but the quartz and micas are subordinate in quantity. 
There are many gradations ; and a common type rock ia that wherein 
the hornblende and a dark-colored mica predominate, while the feld- 
spar is in scattering crystalline grains and quartz almost altogether 
wanting. This variety grades by the accession of hornblende int« a 
hornblende-schist or hornblende rock, and by the mica coming in to 
replace the hornblende into mica-schist. These' hornhlendic varieties 
of gneiss are generally dark colored and finer crystalline than the 
feldspathic gneiss. They also weather, and, by their decomposition, 
produce the dark-red to brown soils so often observed in the High- 
lands. It is not so sandy and open, but more clayey and closer than 
the feldspathic soils. Its forest covering is more of a mixed charac- . 
ter. Oaks fiourish with the chestnuE, or the latter is not common. 
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Granite and syenite form dylies in places aa well as veins which 
traverse the bedded gneisses. Trappean rocks also occur at a few 
localities in narrow dikes, but their lithological properties have not 
been studied. 

White crystalline limestone forms outcrops over long belts in the 
northwest part of the Highland range, particularly in the Vernon 
valley, and thence southwest to Sparta. It is found at isolated pointe 
JQ the southeast or Ramapo belt also, and there it is associated with 
serpentine. The limestone of the northwest or Pequest belt is seen 
at several localities stratified with the gneisses conformably. In 
structure, this rock varies greatly from fine grained, or amorphous, to 
ooarse crystalline. In color, also, it ranges from white to flesh-red, 
pink, variegated and black, or very dark color. Its chemical composi- 
tion is that of pure carbonate of lime, but varying to dolomite or 
magnesian. 

The division of these Archaean rock outcrops into belts or groups, 
according to their specific characters, has been attempted, but thus 
for without complete success. Following the analogy of the newer 
formations, it ought to be possible to define the limite of well-marked 
varieties and describe their outcrop. The division following the 
feldspathic and hornblendic varieties appears possible, as their out- 
crops are so easily recognized by the rock, soil, structure and even 
flora. Many lines have been followed in hope of detecting some 
order in the succession or alternation of these more common varieties 
of rock. The results of these observations in the field may be gener- 
alized as follows : 

1. The feldspathic gneiss, in thick beds generally, predominates in 
southeastern and central parts of the Highland range. 

2. The hornblendic or syenite-gneiss is conspicuous in the north- 
west belt of the formation, particularly in the central cores and higher 
parts of ite ridges. 

3. The gray, feldspathic variety appears more prominently upon 
the flanks and at the base of these ridges. 

4. The hornblendic and the micaceous gneisses are often found 
accompanying the m^netic iron ore beds, and more commonly on the 
southeast or hanging-wall side of the ore, the foot-wall rock being of 
gray gneiss quite as often as of the darker-colored, hornblendic and 
micaceous gneisses. 

The former provisional division of the Highlands into the four 
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belts, ninDing from northeast to southwest, is ret^ned on account or 
convenience for reference. They are known as the Eamapo, at the 
southeast ; then the Passaic next, to the northwest ; then the Mus- 
conetcong, and, lastly, the Pequest. Their boundaries have beea 
described in previous reports of the Survey. 

A complete litholc^cal examination of the rocks already collected 
and additional field studies, aided by the new topographical maps,, 
will no doubt lead to some better and natural division and confirm, 
some of the positions here indicated. 



HAQNETTTE, HAGNBTIC IBON OBE. 

Magnetic iron ore occurs in beds conformably to the gneissic rocks^ 
and, therefore, it is placed in a description of the rocks of the Arch- 
aean formation of our Highlands. It may be made up of magnetite 
alone, but when found 1o any extent as a bed of workable size, it con- 
sists of magnetite mixed with feldspars, quartz, hornblende, augite, 
micas, garnet, cakite, pyrite, apatite, or more rarely with other min- 
erals. Some one or more of the above-mentioned minerals are always 
present and more or less affect its richness and quality. Magndite 
may be said to be distinguished by its being attracted by the magnet, 
black streak, black powder when crushed, and its octahedral form of 
crystallization. Its specific gravity ranges from 4.9 to 5,2, and hard- 
ness is nearly equal to that of ordinary feldspar. Its composition is 
72,4 per cent, of metallic iron and 27.6 per cent, of oxygen. Hence the 
richest ore cannot yield more than this percentage of metal. The ore 
oiien has a granular stru<\ture owing to the blending of its crystalline 
components, and, as these vary in size, it is said to be coarse granular- 
or fine-drained to massive. Magnetite occurs also as a constituent 
mineral of the gneissic and syenitic rocks in many localities in th& 
H^hlands. In &ct, it is found in all the varieties of our crystalline 
rocks, thoi^h not so generally diffused aa to give character to the 
species. It is to be r^;arded as an accessory, and not as an essential 
constituent. It does, however, in some cases replace some one of the 
ordinary or common constituents. When this replacement by mag- 
netite is sufficient to raise the percentage of metallic iron to the limit 
where its extraction becomes possible at a profit, the rock may be con- 
sidered as an ore. As this limit is not sharply defined, but is shifting 
from time to time, according t« the demands of the market, cost ot 
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extractioD and other iadustrial factors, the same bed may be viewed 
as a rock or as an ore at different periods. From the geological Btaod- 
poiat all are rocks. It has happened again and ^ain that rocks con- 
taining less than one-half of the volume of magnetite have been 
worked as ores. And in . some instances highly ferruginous mineraJs 
with the mt^etite have also contributed to enrich the mass and bo 
increase the iron as to allow of its being worked as an ore. The line 
of demarcation between ore and rock, is, therefore, not fixed. Prac- 
tically, only the strata wherein magnetite is the predominant mineral 
should be ranked as ores of iron ; those in which it is subordinate in 
quantity, or an accessory constituent, must be placed in the list of 
rocks as distinguished from ores in an economical point of view. 

In following the magnetic iron ore beds, the replacement of mag- 
netite by the common gneissic minerals, quartz, feldspar, hornblende 
or mica, is otlen observed. In frequency of occurrence the replace- 
ment by some of the hornblendic varieties of rock is first, the felds- 
pathic gneisses rarely appearing in this way. This replacement may 
be by degrees, and the ore grade into rock or it may be a sharp change 
from one to the other. And in rare occurrences the rock thus coming 
in place of the ore contains no apparent traces of magnetite. In prac- 
tical operations of mining, the ore is sometimes said to be " cut out by 
rock." Careful examinations of such localities have frequently proved 
a replacement, the stratification being continuous and undisturbed. 
Generally the ore is found to become lean gradually and at last to be 
no longer workable. The beds continue carrying a considerable per- 
centage of mc^netite with their other constituents. This gradation 
from ore to rook is traceable not only in the same bed, or on the line 
of strike, but' also from bed to bed, and in many cases the walls con- 
tain more or less mf^netite. In fact, the beds which are left as walU 
may at another time be removed and smelted for the iron they contain. 
In far the greater number of mines, however, there are clear, well- 
defined rock walls which limit the ore and the mining operations. So, 
too, the ore beds more often thin out in pinches and do not grade into 
rock when followed for great distances. 

As already described, the magnetic iron ore beds partake with the 
associated gneissic strata of all the essential and accidental features or 
elements belonging to stratified rocks. They possess dip, strike and 
pitch and are folded, faulted and pinched as other rocks about them. 
Liamioation, clearage and jointing are also observed, though much 
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more rarely. Hence, when viewed in conaectioD with the associated 
stratified rocka the coDclusioD is unavoidable that they were deposited 
as sediments and are of the same age with them. 

At a glance it might be supposed that the ore beds differed from 
the rocks about them, in their much more limited outcrops and ext«nt. 
So far as the total thickness of the gneissic strata are concerned the 
comparative size of the ore beds becomes almost insignificant. But it 
should be remembered that in this series of crystalline rocks there 
are many varieties which differ greatly from one another and the 
iinbroken or continuous succession of strata having the same composi- 
tion can nowhere be observed for a long distance or over wide areas 
of outcrops. Again, nearly all of our larger mines continue to work 
upon the same apparently inexhaustible vein or ore beds. At Hiber- 
nia, for esample, the total length opened is over a mile long. The 
long lines from Irondale to Mount Hope may yet be proved to be 
parts of one formerly continuous sheet of ore, greatly disturbed by 
faults and pinches. The Chester mines also appear to be upon a 
well-defined and characteristic range, or, perhaps, narrow belt of ore 
and ore-bearing beds interstratified with the ore. Hurdtown shows a 
shoot already followed nearly a half a mile. Rock strata having uni- 
form characters and of equal extent cannot be said to be much more 



The stratified or bedded structure is not, however, in many locali- 
ties so apparent and in some mines it is not easily rec<^ized. 
Instead of the ordinary features of stratification, irregularity is con- 
spicuous and the ore bodies are of so irr^ular shapes as to be consid- 
ered by some observers and miners as veins or huge dikes of ore, 
entirely distinct from the enclosing rock masses. They sometimes 
approach in shape the form of ore bodies, which in the West are 
known as chimneys. Bat the old notion that all ores come up from 
the depths of the earth and through fissures and between rent strata 
of rock, has obtained so firm a hold of practical miners that they are 
regarded as veins and not as beds. In these cases the original bedded 
structure has been almost obliterated by the subsequent changes it has 
undei^ne. In deference to popular usage the term vein is retained 
in many places in the descriptions of mines and of ore localities, but 
it is to be understood as denoting a bed of ore, and not, strictly speak- 
ing, a vein, 

M^netite occurs in unstratified rocks also. It is a constituent of 



D,qit,zeabvGdO»^lc 



THE STATE GEOLOGIST. 37 

huge granitic and syenitic rock outcrops and dik^ ; and, in a few 
localities, it has beeo found to be in quantity sufficient to make nua- 
ing profitable. They have been described in previous reports in con- 
nection with notes of mines and ore localities, and reference may be 
had to them. Magnetite may, therefore, be r^;arded as one ■ of the 
ordinary constituents of both stratified and massive rocks of the High- 
lands. When it predominates in the composition of the mass to the 
ezclnsioQ of other minerals almost entirely, it becomes an ore. And 
it may occur in the form of a dike or massive rock, or in beds, inter- 
stratified with the gneissic rocks. It is an integral member of the 
Archaean rock series, whose history covers that of the magnetic iron 
ores as well as those of its associated rock species. And hence the 
great importance of studying not only the compositioD but also the 
structure of the whole formation in order to discover the laws of 
e as they relate to iron ore and gneissic strata alike. 



GEOLOGICAL eTBUCTDRE. 

The Archaean rocks embraced within the limits of the Highlands, 
whose limits have been given in a preceding section, are, with the 
exception of comparatively small outcrops of massive granite and 
^enite, and lesser trappean dikes, all stratified. 

For convenience of description, the various forms and positions of 
the strata, or what may be termed the elements of stratification, viz., 
dip, strike, pitch, folds, faults and pinches, are discussed under these 
special heads. The dip and strike are considered essential features ; 
the pitch is common to this district ; but the folds, faults and pinches 
are r^arded as accidental, aad not characteristic of the formation as a 
unit. 

Dip. — Stratified or bedded rocks, including ores which are in beds, 
are rarely met with in a horizontal position. The original sur&ces 
upon which their material was laid down were probably more or less 
sloping. And the subsequent uplifting and folding have, in nearly 
all cases, tilted them at various angles with the horizon. Two 
elements enter into the dip — first, the direction in which the bed is 
inclined, or the line of greatest inotinaHon; and, second, the angle of 
the. inclination or amount of the dip. The angle made 1^ the plane ■ 
of bedding with the horizon equals the amount. In our mining 
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disiricte the dip is often spoken of as the " uniierlay of the bed." 
When the strata are in a vertical position, or dip at an angle of 90", 
the direction is wanting. 

Id the Archaean rocks of our New Jersey Highlands the strata are 
geoerally upturned at high angles, and, in many places, are seen 
standing on edge. The prevailing direction of the dip is in the 
southeast quarter or quadrant. Over wide areas, and on long section 
lines crossing the strata, this general direction may be observed with 
scarcely a single exception. The amount of the dip is also quite 
constant at high or steep angles, ranging from 45° to 80°. The 
numerous outcrops, often of considerable extent, give opportunities 
for observing the dip of the beds at the surface. The many railroad 
cuttings also afford long and beautiful sections where the position of 
the rocks is exposed to view. And lastly, the comparatively lai^ 
number of irop mines and exploring pits and shafts in search of ore 
give excellent opportunities to study the structure at varying depths 
beneath the surface. Notwithstanding the many points where observa- 
tions upon the dip may be made, there are wide gaps and large areas 
in all parts of the Highlands where they are not possible. North of 
the terminal moraine line the glacial drift conceals, iu many places 
underneath thick deposits of earth, gravel and bowlders, the rock 
surface or original outcrop. In others, the aocumulations of a more 
recent age, in the form of stratified sands, clays, shells, marl and 
peat, hide the strata. Lakes and ponds in drift basins cover no incon- 
siderable portion of the total area. South of the terminal moraine, 
and, to a slight extent north of it also, the outcropping ledges have, 
in very many localities, become so dbintegrated that their stratifica- 
tion is no longer apparent. The earth and soil covering resulting 
from the disintegration of the rocks at the surface also conceals the 
strata over very wide areas. And lastly, owing to the massive 
character of the rock, the bedding lines often are not visible, and the 
dip is made out by the structure of the rock in its mineral arrange- 
ment. This mode of determination is not always certain in its 
results, although so often it gives the only possible clew to the 
position of the strata. Of course, it must be evident that where the 
beds are somewhat irregular or uneven, the dip is ascertainable only 
through many observations and getting their average. The observa- 
tions made in our Highlands in the course of the field work dufing 
several seasons have been tabulated geographically, following the 
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•order of the belts into which it is divided. Beginning at the south- 
■cast, in the'Ramapo belt, the observations are arranged from northeast 
to Boathwest; then the Passaic, Musconetcong and Pequeat belts follow 
in order, and with tlieir respective localities arranged in the same way. 
The localities are found in the first column, then the direction, and 
last, the amount or angle of the dip. Where the strata are vertical 
the strike is indicated. The bearings, as here given, are magnetic ; 
:and the initial letters for the quadrants are approximately 45° between 
the cardinal points thus indicated, e. g., S. E. is S. 45° E., N. W. is 
N. 45° W. The abbreviation st. is used for steep, and it signifies 
angles exceeding 45°, and, in most cases, from 60° upwards. In a 
few instances, two aiigles and sometimes two directions are given 
-where there is such variation in a very limited space. 
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B.e.E. 

x.e.B. 



Cnmar mine, cut of Hsckellatoim... 
Boberteon shaft, vat dope, 8choola;'i 

Fliher, 01 BeMtyeatoim mine 

Stoutenbnii;!! mine. __ __.. 

Huin fUm _ _» _ 

Pl«aiaut Oiore (Mu>b 1 Trn&uit}.. 

(L. V. R. Co.'B pltt} 



D., L. A W. K. R. cat. cut of Ounsewater. -^ 

" euu, nath of " - _„.»„, 

" Utcat, west of Hampton Junction 

B. B. cat. e«t Of and at Hampton Janc(l0D...„.„ 






C. K. B. cat 'A m'lB northeaat of Aabory.,.. 
Bodenbough mine, wen alope-.-.n.- 

Cbuich. or Van Syckle'i mine- „„.... 

L. V. R, B. cDl, Pattenbai8b....__ „ 

UaBOoaetcong tunnel, east end _....». 

" " In middle 



Dockwortb mine. _ 

B. K. cat, Mnth of Biegelsrille.. 



S.B.K 
E.8.S. 



B.B. 



8. Iffi-fUfi K 
B.WS. 
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TABLB OP DIPS— Continued: 
Musoonetoons Belt — Continued. 



K. R. cut, lonth of ftbove locallt; _ 

If luoaiwMoiig IIL, aoDthweel end, app. J< 



Ne&r cuikI, iTGSt of Waterloo. Sunex caant}.... 
Brookfleld,oiWiteTloomliifl - 



Brjamt mine, eeat of VanenTllle,.... 



if HkcketUtowu.... 



le bim, ven of Hackett* 



Smllb, ur Egbert Cbareb mine.,.. 



SmKli Arm, eoath e 



I of Pohatcong range, north o 



PohMcong monaUdn, near Del&ware rlvec ... 



noitb slope, near B«L Del. K. R.... 

louth end of moQntaln 

■OQlb slope uid eut ot B. B ..«. 

»l DelBiirue rtver...~-.~_ _., 



N.N.B, 

£uWrl;. 



»)°E. 
45" E. 



80" E. 
75° E. 



lloderate. 

Uoderate. 
Nearl; vertical. 

Nearly Tertlcal. . 
Nearly vertical. 

Sleep. 
Steep. 



Hodenie. 
Steep. 



Van Meat Gap tnnnel, ean end. ... 



of Oxford fDrcace.... 



SoQtlieaet slope of mountain, near Cbapln & Tonunanoa' 



Cliapin A TommMBon toni 
Bnocaatle rond. ^ mile n 
Oxford fornaoe. new mine. 
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TABLE OF DIPS— Oolitinued. 
PequeBt Belt. 



^„„. 


MMCnOM. 


.-o.... 






W 






Steep. 


eait of H&rdjMoDTUle .~~^ 


S.TW. 








<'sK.v,'ssff!:.°-==.=:M::) 


E. B. E. 






K.S.E. 














8M»p. 


P oh k tain ealalo 












."A 












Bteep. 
Steep. 




1LB.S. 


Fnnklln furoicB. qaairj.. ™ 


B.S. 


M° 




B.E. 


4(P 










Strike N.E. 


VertlcaL 




a.7(PB. 


9B0 
















B.e.E. 

8.E. 




BUtUng HIU lino mlne.^ _.„ _ 


«° 




S.BO<>E. 


30" 










8.2S"E. 


W 




SoatbeiM ibon of " „ 


8.B. 


40° 








BulphatHUl " 


8. e. B. 


60° 


K««vlllemlii.{f;^^»P»'"V 


Strike N.N.E. 

8.E. 


Steep to Bui *.Di 


Andovermliw. 


KP 




8.T0OE. 


Uodenle. 
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TABLE) OF DIPS— Oontiaued. 
Peguest Belb—Oanimued. 



O'HLmenoTer'g, Byram. vblte UmeaCone 

Cranberry iBseiTolr " 

WUte Hiill. or losd to Stanhope. 

MoKean.oiBirdmlDe „ 

UarlDg place, Bouthwest of Warren ville. ^ 

Hlblei ranu, or Livesey's shaft, WaireaylUe ~ 

Bouthwffltof Barton mine _ ~ _ 

Howell rarm. northeast Jenny Jump moantain. 

Near lest locality _ „ „ 

Fool hllli, northeast end or Janny Jump mountain- 

Earn elope, north end of " " 

North end, or fbol of '■ " - .,„ 

" High Rocks," Jenny Jump mountain. _.._ 

Jenny Jump mountain, north ead..,._„_ _„_,_ 

Near Shaw mine, Jenny Jump mountain^, .-„...„-. .„.. 

" foothills ~ _™ „ 

" " " a Becoad locallly _._..._ 

On Oieat Ueadows, east of above~..-_— .__» ^.,. 

DaTls mine, on Jenny Jump monntalu,-,..„.„ » 

Potter&rm, east of Jenny Jump mountain.^ ^.„„........ 

BtiaaoD mine, " " _ .._... 

Inscboir lot - _.... 

Crystalline limestone, east of Jenny Jump monataln 

BoTtheaslof Bose Crystal marble qnarry.. 

Soae Crystal maible quarry.. _^.,.___ __.__.» 

Hope and Danyllle losd, mountain .....»._.„_..._ 

Eishpaueh mine .„...._ 



Peqneet roei out. ea 




Nearly vetUoaL 



K.S.K. 

'Easterly, 

Strike N N. E. 

N. 60=W, 

S.E. 

aE. 

S.7B"B. 
N.TIPE 
N.SO^B. 
N.IOOB. 
N.Jff'W. 

8. B. 
W.N.W. 
B.1SPS.' 

N.W. 
S.S50E. 

N.W. 
N. 76" W. 

e.£. 

B.GS°S. 

8.E, 
N.W, 

S. K. 

8,T0"E. 

8.70°K. 



Uodertte. 



Nearly vertical. 
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TABLE! OF DIPS— Oontlnued, 
Pequest Belt— QmHntted. 



^„,. 


.™,o.. 


...„,. 


E«tcifButlivlll 


r mile aod north of Peanest river 


B 26=E 




.. 








Tbteequarten of » mile BoQlli of Biidgevllle, mad to Oxford, 


H.<B"W. 


70" 


Crrnalllae limea 






Steep. 
Bleep. 


„ 


















I:S. 


Bleep. 














Bleep. 




e.B. 

».K.W. 




Bhft. i 


Nearly TcrtKaL. 






Bohnlw •■ 




S. K 


Sleep. 


Ne^ Roxburgh. 




B.KPB. 
N.SO=W. 


Steep. 
Steep. 
66" 


Muble moDDtali: 


, new Delaware rlTer. _ ™... 




m«rble quarry. 


N.«)"W. 


55= 


" 


north of " 


N.4(PW. 


B0° 






N.N.W. 


Uodente. 


SonQipolQtofri 
North of 1181 nail 






Nearly verOoal. 
Gentle. 


[led locality „ 


».*,. 



IJiqitaeOwGoOl^lc 



THE STATE GEOLOGIST. 51 

A study of the table diecovers a few areas where the direction of 
the dip is not in aocord w^th the general rule as stated above. There 
is a belt between Stanhope and the Cranberry Reservoir, traversed by 
the Sussex Eailroad, where the prevailing dip is toward the east- 
northeast. The inclination varies from 20° to 60° in amount. At 
Oxford Furnace, the outcrops and the course of the ore, as opened in 
the mines, show a north-northeaat direction. Other remarkable excep- 
tions, but confined to much smaller areas, are at the Connet mine, 
Water street, Morris county, where the dip was said to be southwest ; 
the Musconetcong tunnel of the Eaaton and Amboy Railroad, where 
northeasterly dips were observed ; Latge'e openings, south of Lebanon, 
in Hunterdon county, and the foot hills at north end of Jenny Jump 
mountain. The northwest dips or direction may be considered as 
overturned or reversed from the southeast, as there is no change in 
the strike in that case. And, as a rule, the dips in that quadrant are 
steeper than those to the Boutheast. The southeast, the vertical and 
the northwest dips can all be referred to the same uplifting and tilting 
force, varying in intensity from the normal southeast to the over- 
turned and northwest dipping strata. The consideration of these 
variations in direction or exceptions is noticed in the head of the 
strike. 

A comparison of the amount of the dip leads to the following gen- 
eralization : 1. The averse dip in the Ramapo belt is 65° ; in the 
Passaic belt, 58° ; in the Musconetcong belt, 55°, and in the Pequest 
belt, 54°. The diminishing steepness of the inclination, going north- 
west, is noteworthy. I^ooking at the localities in the several belts, 
the dips on the eastern side of the Passaic belt are steep, from 60°' 
to 80° ; while on the west border of the same belt and near the newer 
rook outcrops of West Milford township and of Kanouse, Copperas 
and Green Pond mountain ranges, the strata dip at moderate angles^ 
from 30° to 45° to the southeast. In the Musconetcong belt and in 
the northern part of it, the strata stand highly inclined to the east- 
southeast, from 60° to 85°, and with some reversed or northwest dips. 
On the Schooley's mountain range of this belt, there is quite wide 
range in the angle, and, although there are steep dips on its southeast 
border and more gentle ones to the west, the exceptions are sufficient 
to render any generalization premature and uncertain. On the moun- 
tain range west of Hackettstown and northeast of Washington and 
Oxford Furnace, in Warren county, the average dip is not so steep, 
but is almost uniformly toward the southeast quarter. 
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The Mnsconetcon^ and Pobatcoag moantsin nmges ^ow goitler 
dips, from 40° to 55° tnd to aoDthost. The Peqoeat belt o^rs more 
Tariation. And there ia a remarkable section along the Delaware, in 
Marble moantain, where the beds all incline at angles of 30° to 40° 
toward the northwest. On the northwest border or slc^ of the 
broad Scott's monntain, and also on Jennj Jamp moantain, the strata 
are more highly inclined and toward the aoatbesst An area of com- 
paratively gently dipping strata in this belt is foand between Frank- 
lin Farosce and Andover, in Sussex coanty. The average angle of 
dip on this border of the Archaean rocks is b^weoi 2U° and 40°, 
uniformly to the aoatheast. 

Id the above-mentioned table thoe are many observations from the 
iron mines. As a role, the dip at greater depths in them is foond to 
vary mnch according as the points of ofaeervation are taken where 
the walls pinch or where tbey swell oot, encloeing lai^ shoots of ore. 
Taking the mean descent, or wnderiay (of the miners), there ia less 
variation in the mines than in the rock ootcrope on the sorface. 
Again, experience and observation of practical men shows that this 
descent or dip is generally less at increasing depths. And vertical or 
even northwest dips, as at Hibemia in the Upp«- Wood mine, for 
example, are foand to change to southeast. The vein is said " to 
right itself," i. e., to assnme its natural or normal dip. Sonietimes 
the dip is observed to change several times in descending, as in the 
Side Hill ytxa at Mount Hope. But as a rule the northwest dips at 
the ontcrops are found to change in following the ore down. 

Strike. — ^The glrike may be defined as "the intersection of the 
inclined bed with a horizontal plane." It is at right angles, to the 
line or direction of the dip. It is often spoken of as the coorse or 
range of the rock or ore. From what has been stated above 
describing the dip, it follows that in oar Archaean rocks the pre- 
vailing direction or Orike is northeast and southwest, varying, 
however, in many cases from uorth around to east. Many observa- 
tions upon the strike are given in the table of dips (pp. 39-50), The 
exceptions to this general course or direction also have been referred 
to on page 61. An examination of the dips and of the observa- 
tiona on tbe strike shows a gradual eatiing in going across the State 
from the New York line to the Delaware. And at the southwest the 
Strike is more to the east-northeast, whereas in the northern part of 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. 53 

our Highlands it is nearly dae northeast. This feature, as it was 
expressed in the structure of the country, was represented by a 
diagram in the Gfeology of New Jersey, 1868, p. 51. The trend of 
some of the ridges and valleys and mountain borders, as measured 
on the large topographical maps of the Survey, are here inserted,* 

1. Southeast border of the Ramapo mountain and border of the 

gneissic rock outcrop N. 38° E. 

2. Soalheast border of the gneissic rocks from Morristowu 

southwest.. N. 38° E. 

3. Eockaway valley N. 35° E. 

4. Valley of the Rockaway and of Hibernia brook N. 36° E. 

5. Ramapo mountain, central or medial line N. 38° E. 

6. Ramapo mountain, northwest hne of summits N. 30° E. 

7. West Milford valley and Greenwood lake N. 31° E. 

8. Longwood valley and Succaeunna plains N. 39° E. 

9. Eastern border of gneiss outcrop, west of Bearfort Mt N. 28° E. 

10. West border of gneiss, Pinkneyville to Andover, Sussex Co... N. 40° E. 

11. Range of create from New York line to Macopin, West 

Milford N. 26° E. 

12. Range of crests east of German valley, Morris Go N. 39° E. 

18. Schooley's mountain range, medial line N. 45° E. 

14. Museonetcong valley, along southeast border, Hackettstonn 

to Hampton N. 43° E. , 

15. Museonetcong mountain, southwest, near Delaware river.... N. 55° E. 

16. Mountain west of Museonetcong valley, south to Washing- 

ton N. 46°E. 

17. Fohatcong mountain N. 50° E. 

18. Fohatcong valley N.48°E- 

19. Mountain west of Fohatcong valley, east border N. 52° BX 

20. Frome's hill and Scott's mountain crests N. 46° E. 

21. Northwest crest line of Jenny Jump , N. 50° E. 

22. West border, or foot of Jenny Jump N. 47° E, 

23. West border of foot of Scott's mountain N. 46° E. 

34. Marble mountain N. 51° E. 

The lines of strike do not, however, always coincide with these 
crest lines or the trend of the valleys. The topc^raphical maps show 
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ridges and valleys which are marked exceptions to the general rale, 
and run obliquely to the trend of the formation. Thus, the Wyno- 
kie Valley trends north 13° east. Northwest of Blooiningdale and 
north of the Pequannock, the northerly trend of the ridges is a con- 
spicuous feature of the surface. On Pochuck mountain also, there are 
north and south crests which stand oblique to the general course of 
the mountain mass. Others less prominent may be seen by referring 
to the maps. 

Pitch. — The beds of iron ore, or veins as they are generally termed, 
in our mining districts, when followed a considerable distance on 
their outcrops, or horizontally, are found to wedge out and the mass 
descends. This descent of the bodies of ore has given rise to the term 
" pitch." And the angle which the vein or shoot of ore makes with the 
horizon, in the direction of the strike, is the amount of the pitch. It 
is, as it were, the dip or descent of the bed in the line of strike; and 
the definition of "an inclined or dipping strike" has been given, though 
not strictly correct. This phenomenon is not observed in the ore 
only, as the rooky beds show it also, but owing to the greater excava- 
tions in mining as compared with the openings in rock alone, it is more 
easily observed in the former. And it is still more prominent when 
the ore occurs in the lens-shaped bodies termed "shoota." If there 
are several of them following one another, each shows the same pitch. 
Where the strike is northeast, the pit«h must be either to the north- 
east or southwest. As a law of occurrence, the northeast pitch pre- 
vails. It is so common that in practice the miner works his vein on 
this assumption, excepting in the few localities where the strike is 
north or north-northwest. The mines in these latter areas are yet too 
few to give any general law. A few southwest pitches are to be seen 
on consulting the table here inserted. In it the locality is given first, 
then the direction, and last the amount or angle of descent 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. 
TABLE OP PITOH. 



CkimoD m 
Old Blm 
MdI« 

VyooTLlD 

Bookaoa; Veilej mine, Bocluwaj VtUer— 
Tb;Ioi Vela, Uonnt Hope.-.._.._...«-»»_^ 
Eichard mine.™ 

Qreen Pond mine* ..~.™».„...m™.~.- 



Wynokle,^.. 



CIckeraoD " 



'Geoige or Lotan mloe..:. 



Eedga 

B&okleb&mej mlDc*. 
Lows; Weldon mine.. 



'Weldon rnlne^... 



Ford Hid Bchofleld mlii««._. 



lAOKdon " _ „„ 

High Bridge " 

TDrnkce mine, Fnuiklln 

Balplmr HUl mine, AndoTer 



Feqoeit mine, □«« Oxford- 

Stirling Hill (lino) mine....-..- 

ForeK of De»n mine, New Tock »»™. 

Hogenouap mine, Oreenwaod, Kew York.... 
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The obserratioDs upon the piteh of ore masees and rock strata are 
iDeufGcieDt to give any laws or order in their arrangemeDt, or to lead 
to aDj coaclosions of practical value, other tbau what has been already 
Btat«d. 

This pbeDorueuoD of piich ia noticeable in ,the structure of the 
Highlands at man^ localities. The many outcrops of rook whose 
southwest fronts or slopes are steep and bold, and northeast slopes 
gently inclined, are examples of pitch. And a close examination will 
prove that these peculiar features of the surface are not due to glacial 
wear, aa might at first be supposed, bnt are structural. North of the 
terminal moraine line, where the surfiiee earth and debris of diiin- 
t^rated rock outcrops have been removed, they can be seen to better 
advantage, and examples are more numerous than to the southwest. 
The following views of one of these hills is given to illustrate this 
statement. It repreeente the two slopes of a ridge near the C^ens- 
burgh road, west of the Ogden mines, in Sussex county. The hill is 
quite a conspicuous object in the landscape, and is nearly destitute of 
shrubbery aod v^;etat!on. It may be taken as typictd of many out- 
crops. To show how this structure is to be seen in the longer ridges 




fkoivr Oft S.W ^lEw or Sjimk 



and bills, sections have been oonstmot«d trom the oontour lines of the 
top<^raphica] maps. They are distorted by the inequality of the 
scales for the horizontal and vertical representations, but the northeast 
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and southwest slopes are relatively correct. And the marked differ- 
ence between them is at once evident in each one. It would be easy 
to increase lai^ly the number of these hills and ridges, but persons 
who are &miliar with our Highlands are well acquainted with this 
feature of the suHaoe. On account of denudation by streams and the 
action of glaciers and the surface drainage through long ^es, the 
more prominent hills have been worn down, and no doubt in many 
cases obliterated. In places the reverse may be true and some of the 
southwest points may have become more prominent than they were 
originally. From the topographical maps of the southwestern por- 
tions of the Highlands, it is evident that the northeast slopes are rela- 
tively steeper than those toward the southwest, the reverse of what is 
characteristic of the country to the northeast. So far as the testimony 
of the mines go, this position is confirmed by them. But in all the 
country south of the terminal moraine, the disintegrating e£iects of 
the atmospheric agencies have been carried to so great depths that the 
rock structure is concealed, and there are no such extensive rock out- 
crops for study as to the northeast. 

The elements of dip and strike are essential features of stratification 
as ordinarily observed. Horizontal strata of any extent are scarcely 
seen in our Atlantic Coast region. And the most recent beds have a 
dip when tested by lines of level crossing them. There are elements 
in stratification, or phenomena of structure observable in stratified 
rocks which may be termed accidental, as distinguished from the essen- 
tial phenomena of dip and strike. Among the accidental elements 
may be noted folds, faults, shoots and pinches. 

Folds. — The force which raised the original gently-sloping or 
liorizontal strata into inclined positions also compressed them together 
into more or less close folds. Wherever the arch of the fold is above, 
■or at the surface, and the strata descend each way from a central line 
or axis, there is an anticlinal fold. Conversely, where strata dip from 
two sides towards a central line, forming, as it were, a trough-like 
-depression, the fold is said to be a synclinal one. The former is repre- 
sented by the inverted V or U ; the latter is V-shaped or U-shaped,. 
-as the case may be. Folds of each kind are common in the newer 
rocks, and they have been finely exhibited in the anthracite coal basins. 
And their existence in the ArchEean rocks of our Highlands is known 
by good examples of synclinal folds. One of the best of them is that 
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Synclinal Folds at Hurd Mine. 

■of the Hurd mine ore bed, at the old southwest openiog, near the turn- 
pike. The above plate represents by its cross-barred lining the shape 
^>f the ore at this locality. The folded ore body pitches to the northeast 
and hence this southwest outcrop, as here figured, represents the end 
-of a syDclinal, whose axis descends to the northeast. The long slope, 
now over 2,000 feet, is following the line of the axis, and the ore 
-appears to be a close fold and without any interbedded rock between ' 
its two legs or sides. Another synclinal fold is to be seen in the zinc 
mines on Mine Hill, Franklin. The ^ont and back veina of ore 
terminate at the southwest in what is known as the southwest opening, 
and appear to be parts of a great and deep fi>Id. [See Geology of 
New Jersey, pp. 334 and 672.] The veins at Stirling Hill, in the 
mines of the Passaic Zinc Company and of the Franklinite Iron Com- 
pany, are also connected at the southwest and parts of what appears 
to be a synclinal fold. The exposures of rock away from mines are 
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not BO exteoslve as to show uDmistakable examples of folds, tliougb 
long crosB sections exposing many consecutive beds are seen in railroad 
cuttings and along some of the larger stream valleys which traverse 
the Highlands in northwest and southeast oourses. It is difficult fa> 
prove the repetition of strata in them indicating folds. And there are 
no localities of plainly marked opposite dips also suggesting folding 
as their cause. At the Green Pond Mines and at the Hoit Farm 
Mine the bottom rocks, as they were exposed several years ago by the 
removal of the overlying ore beds, formed saddles or anticHnals, but 
the surfaces thus exposed were too small to consider them of much 
importance in a general study of the structure. They may have been 
horses of rock whose upper surface had been bared of the ore. 

In the second cut west of High Bridge on the Central Railroad the 
beds appear to be repeated on each side of a central or medial line 
and they, probably, represent a fold. The locality was figured in the 
Geology of New Jersey, 1868, p. 59. It is uncertain whether it is an 
anticlinal Sr a synclinal. In the Highlands of the Hudson at lona 
Island Station, the H. R. R. R. cut exposes strata whidt dip around 
toward an axial line, as it were, the southwest end of a synclinal fold. 
On the west side of the Hudson the northwestern ridge of the High- 
lands is apparently a huge, closely-folded synclinal, as can be seen by 
the steeply dipping strata on each side of it. The best section is that 
crossing it on the new West Point and Canterbury road. The varia- 
tion in the average dips of the strata on the southeast and on the north- 
west sides of our mountain ranges has been pointed out as a proof of 
their synclinal structure. Thus in the Schooley's mountain range the 
dips on the southeast border appear to be rather steeper than those on 
the northwest side. The steeper slopes toward the southeast in the 
case of nearly all of the Highland ranges is probably caused by the 
strata on that side being more highly inclined than on the northwest 
slopes. This difference in inclination indicates folds whose axes are- 
not vertical, but inclined slightly from the vertical and dipping toward 
the northwest steeply. The more plausible theory regarding them is 
that the ridges or mountain ranges are anticlinals with the synclinal 
valleys separating them, or lying between them. The present surface 
is not the summit of the original arch, but a seefion across it made by 
the long continued wear of atmospheric agency. 

In this place it is to be remarked that there is a great degree- 
of uniformity in the altitudes of the mountain ranges of the High- 
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lands. A lai^ area south of Dover and Rockawa^ and west of 
Morristown has an aver*^ elevation of 800-900 feet.* And the 
traveler attaining the summit of this plateau, as it were, recognizes 
the general level as characteristic of it. The broad Schooley'? 
mountain range, extending southwest to where the Central rail- 
road crosses it, is another example of this uniformity in height, 
having an average elevation from 1,000 to 1,200 feet. Scott's 
mountain has about the same average height. Another remarkable 
table land is in the northeastern part of Sussex and the western part 
of Passaic counties. Its mean height is probably over 1,200 feet, as 
there are many summits over 1,400 feet, and scarcely any depressions 
less than 1,000 feet. The sur&ce is by no means level or even an 
approximation to a plane ; but there are no very prominent peaks or 
ridges, nor any deep hollows or valleys. This uniform feature of 
the surface is not accidental, but must have had its origin in some 
way related to the original upliftiog and folding of the strata, modi- 
fied greatly by the subsequent erosion due to drainage and to glacial 
action in part. The tops of the folds have been planed off and worn 
down, but not so as to obliterate what seems to have been a feature of 
the old surface. That each ridge or mountain is made up of a single 
anticlinal fold is not probably true in every case. It is more reason- 
able to suppose that there are series of folds side by side in the 
broader table lands whose bases are far down in the earth, and their 
■original upper surfaces removed long since by the wear of time. The 
newer rocks of the included valleys of the Highlands show both 
anticlinal and synclinal folds, though there is a general synclinal 
structure, as, for example, in the long belt of blue, magnesian lime- 
stone in the Musconetcong valley, which, corresponds to the enclosing 
troughs or basins of the older crystalline rocks. And the apparent 
oonformity in dip in the older and in the newer strata is evidence of 
the synclinal structure of these valleys. There are, however, so many 
places where the near outcrops of these two series of rocks are uncon- 
formable that this conclusion is not without much doubt. From the fact 
that the strata would be most easily and readily abraded where they 
were most subjected to strain and breaking, rb at the summit of anti- 
clioals, or at the top of the arches, it is fair to assume that the valleys 

'"'The followlnt; Keigbta are Ukeo from a eiagle narrow ridge, twelve milw long 
fromCttHroDnortlieMt.aDd east of German Valley: 862, 944. 9M. 960, 987.977,914, 
907, 960, 987, 977, 914, 907. 965, 989, 940, 862, 944, 864, 892. 846, 966 aod 953— giving 
«n averi^e for tbe crest at 937 feet. 
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or depreeuona woald have their beginoiDg near or on the lineB of 
these aDticlinalB, and that the elevatjooe or moiintaina would, there- 
fore, ooDsiat of STDolinal folds. Id the present state of our knowledge 
of all the facts of Btructure, it is imposeible to indicate the lines or 
axes of folding, and prove what were its turns, up or down, anticlinal 
or synclinal. Probably both forms will be found entering into the 
Btructure of both moontain and valley, and in greater fi^uency than 
is at present supposed. It has been suggested that eotoe of the ore 
ranges are parts of great folds, and that the bottom of the same would 
be found in deep boring or shafting in the intermediate ground. But 
there is no proof, in the nature of the ore or of adjacent rooks, so fer 
as at present known, of any such examples of folding. Our deepest 
mines give no indications of the veins turning to the surface again. 
It is only the more superficial foldings whi<^ can be looked for in the 
iron ore beds; and tfa^ are seen in the Hurd mine and at other 
localities. 

Faults. — The strata have not only been tilted and bent together 
into close folds, but they have also been torn apart, and the once con- 
tinuous beds have slipped past one another, so that there is no longer 
an exact correspondence between the two sides of the rent or feult. 
Various other names are given to such displacements, and they are 
known as offsets, heaves, slips and slides. They may be referred to 
two principal classes : First, those in which the plane of displacement 
runs in the line of the strike of the strata;* and, second, where the 
course of the fault traverses or cnts the strata more nearly in the line 
of the dip. In the first class the displacement is longitudinal or 
lengthwise ; in the second it is crosswise. But there are gradations 
from one to the other, as faults occur cutting the strata at all angles. 
The amount of the displacement or offset is sometimes known as the 
throto ; and it is an upthrow or a downthrow, according as the strata 
are displaced up or down. The term hade also, is used to designate 
the angle which the plane of the fault makes with the vertical plane. 
As a rule, the throw is toward the down side, or the upthrow overlies 
the hade. The same principle guides in the case of lateral displace- 
ments where the vertical plane of a fault outs the strata obliquely. 
The search should follow the larger angle. Where the displaoement 
is in a contrary direction, it is said to be a reversed fault. In the , 
iron mines, a rule is that the throw is righthanded — that is, for 
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example, iato the hangiog wall or soatheast, when following the ore 
in a northeast course and on the strike of the bed. Faults of this 
kind are common, and are recognized and r^arded almost ae char- 
acteristic features of the ore. The amount of displacement varies 
greatly. At the south end of Hickory Hill and north of Mount 
Hope it is fully 100 feet. No doubt there are greater oG^ts to be 
found. And some of the ore raogee look as if, origiaally, they were 
parts of one continuous line or range of^etted many hundreds of 
feet. Thus, the Hibernia range has been thought to be the northeast 
«xtension of the Mount Hope mines, though there are serious objec- 
tions to aiich a theory. The apparent want of resemblance between 
the gneissic ranges on the two sides of the Delaware river suggests 
faulting on a large scale ob a possible explanation. As an illustration 
of faults or of&ets in a bed of iron ore, the map or plan of the Ran- 
dall Hill vein is given on p^e 63. In this case there are three 
otTsets, each right-handed, into the hanging wall to southeast. The 
amount of throw is given on the figure. 

In some mines, as in the western part of the Monnt Pleasant, and 
in the old Byram mines, the offsets are not all in the same direction. 
When faulted in this way, the course is made very irregular, and the 
work of mining made difficult. A very plain and well exposed fault 
«an be seen in the Hacklebarney mines, northeast of Black river. 
Here the course of the fault is at right angles to the ore bed, and its 
plane is vertical. The throw is 30 feet into the hanging wall side. 
Other good examples of ofifeets are to be found in the Cooper mine at 
Chester, at Irondale, at the Pardee Ogden, at Hibernia in the Lower 
Wood mine, besides many others. [See descriptions of mines in 
Report.] The map of the Irondale vein shows the size of the fault 
in the Corwin mine at the southwest, and the so-called North River 
o&et which separates the Harvey from the North River mine. 

Of the second class of faults the Mount Pleasant mine affi)rds a 
very good example. It is shown in the figure on the opposite page. 

The ikrowa here are termed eroas slides. The general course of the 
feultiug lines corresponds with that of the ore, but the planes of the 
faults dip at various angles toward the northwest. In the upper one 
the bed is thrown down 40 feet; in the next, 5 feet; in the third, 14 
feet. In each case the throw is into the foot-wall side. And the 
planes follow the pitch of the ore shoote down to the northeast, and 
really separate them from one another. It would seem as if the strain 
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or tension along the pinch lines had been so great as to sever the ore- 
and rocks. Orosa didet and slips of the same kind, bat not so- 
marked nor with so much throw, are quite common in the iroa 
mines. Another example of vertical displacement is at Hurdtown. 
The %nFe on opposite page is a reduced cofy of a longitudinal section) 
of tbe Hnrd mine oonstmcted from surveys made a few years ago. 
The shoot opened at the southwest and near the road, was followed 
down to the end of the ore, as indicated in the Bection. The north- 
east' extension of the same shoot was found higher up, beyond this- 
fanlt, and the amount of the dislocation is about 150 feet. One or 
the other of these parts must have been thrown down as the other was- 
raised up. 

The amount of displacement in many cases is very small, not equal- 
ing the breadth of the ore, so that the walls are but slightly irr^ular. 
They do not increase materially the difficulties in mining. It should 
be added that so far as the experience of our iron mines teaches, the 
most common faults are those where the plane of &ultiDg is approxi- 
mately vertical and at right angles to the strike. 

Pinches (and Shoots). — These terms are confined to the ore- 
bodies almost exclusively. They designate so common features in 
the ore that it is scarcely proper to call them accidental elements of 
stratification. And yet, considering the ore as a member of a stratified 
series, they are not essential to strati6cation. From what has been 
said under the head of piich in the Bhoots of ore, the nature of these 
peculiar ore bodies has been indicated already. The term shoot is- 
applied to the somewhat irregular, lens-shaped or lenticular bodies of 
ore which lie conformably between strata of rock, and which possess, 
in common with the country rock, the elements of pitch and dip, and 
are subject to faulting in all directions. They lie with their longer 
axes in the line of the piidi, or, in other words, the pitch is the angle 
at which they descend in the rock. Their dimensions vary indefi- 
nitely. Gven the same shoot may vary from point to point and its 
successive cross sections show much irr^ularity. Besides the walls 
which bound it on the dip slopes, there is the cap roek which limits 
it at the top, and the bottom rock which underlies it. Generally the 
walls are seen to approach quite t^^ther, making an arched roof or 
cap and a trough-shaped floor or bottom, and the vertical cross section 
is of elliprodal shape. The accompanying sections of the Hurd mine 
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illustrate these statements. The above plate shows a horizontal section 
of the shoot as it has b^en worked at the southwest and at the north- 
east. The view opposite shows vertical cross sections of the same. 
The dimensions are given in feet. The diatonce from the bottom rock 
to the cap rock is said to be the height; that from the foot wall to the 
hanging wall, the breadth. In some cases these dimensions are nearly 
alike and the body is cylindrical ; in others the breadth exceeds the 
height and the cylinder is flattened. The length also^is exceedingly 
variable. In many of our mines they have been coippletely worked 
out; in others the shoots are I>eiug followed to great depths and their 
length is unknown. The range of the average size may be 30 to 100 
feet in height, and from 10 to 30 feet thick. 

These ore bodies or shoots are not isolated masses and separate from 
others in the same range or even on the same vein, but^connected with 
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one another by thin sheets or striTigs of ore, which are termed pmehea 
in the vein. Hence, these terms often express features in one and the 
same vein. The vein where it thins out or wedges out, apparently 
squeezed into a thin sheet or plate, is said to be pinched. And in the 
same vein there may be an indefinite succession of these shoots, sep^ 
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rated from one another by the so-called pinches. They may follow 
one another longitudinally, endwise, or they may lie side by side in 
the same general plane and each having the same pitch. The pinches 
may, therefore, separate the shoots both lengthwise and sideioise, i. e., 
in the line of the pitch and in the line of the dip also. Recognizing 
these features peculiar to the shape of the ore masses, there is what is 
termed the shoot and pinch structure. 

The pinches in the ore are caused in some cases by insularities in 
both walls. And they converge or approach one another by irregular 
rolls and the ore is squeezed into the thinnest recognizable layer or 
sheet. A peculiar form of pinching is caused in some cases by a flat- 
tening of the walls, but not so as to produce a parallelism, and the 
result is a narrowing of the vein into pinches. The diagram on pi^ 70 
illustrates this feature of structure. Examples of it are to be seen in 
the Kean mine near Chester, and at Mount Hope, besides other locali- 
ties. Barely are the walls found coming together so as to pinch out 
the ore completely. As it is uot profitable work to follow so thin 
leads and pinched-up veins, miners and practical men speak of the ore 
as pinched or cut out even in such cases. But it is more ofleo the 
fact that the pinch is caused by rolls in the foot wall, the hanging 
wall retaining its regular dip and strike. The foot wall is seen to 
grow flatter and approach the opposite wall, by a series of step-like 
<^aeU which are sometimes called rolls and sometimes slides of rock. 
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Wlien both walls Lave rolls of this nature and are not strictly parallel, 
a succeesion of shoots and pinches are produced. Followii^ the ore 
lengthwise the shoot-like irr^ularities in the walls are obeerved to 
produce pinches between the end of one shoot and the beginning of 
another. The walls here may approach each other at uniform angles, 
or, what is generally true, a succession of slabs of rock come in on the 
foot wall and leave no room for the ore shoot, and a pioch results. 

^ a /m^itetie irv/t ere tm£ 



The extent to which the ore may be pinched is well illustrated in the 
Richard mine, where a horizontal drift for 300 feet followed a vein 
of ore whose average thickness was not over a foot. The drift in this 
instance reached a second and large shoot of ore. Examples of drift- 
ing through pinches for hundreds of feet, in unsuccessful searches for 
other shoots, are well known in the costly experience of some of our 
mining superintendents. In the practice, these narrow parts of the 
vein are left as pillars, and in our lai^ mines the plan of working is 
arranged with a view to a removal of the shoots of ore with as little 
work in the pinches as possible. 

Shoots of ore nearly parallel and side by side, have been opened in 
the Weldon mine. This mode of occurrence is exceptional, unless the 
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iDtennediatc rock be regarded as a horse, and the shoots, dow separate, 
be found at a greater depth to uoite. They are shown in the vertical 
projection on pi^ 72, reduced from maps and sections of the mine. 
Both shoots pitch toward the northeast at about an angle of 35°, and 
at the bottom are only a few feet apart. The shaded parts of the dia- 
gram represent ore left on the bottom and cap rocks.* 

The origin of the various phenomena of the structure of these 
Archaean rocks, as dip, strike, pitch, folds, faults and pinches, might 
Involve a wide range of discusuoD. When it is remembered that this 
formation includes the oldest known stratified rocks, and that they 
liave been subjected to the action of repeated uplifting and compress- 
ing forces, and to the wear of ages of exposure to the atmospheric ele- 
ments, and, in part, to the subsequent denudation and abrasion of the 
glacial period, the oomplioated structure is not surprising, but an almost 
inevitable resnlt. To retrace the steps in this long history is not 
■alt(^;ethef possible, in view of the scanty data in our possession. The 
probable mode of original deposition and the joauses of the various 
phenomena of structure, are all that can be indicated at present 

These rocks are found in beds of varying thickness and extent, and, 
«uoceediQg one another irregularly, as newer strata or even as very 
recent deposits, are seen to consist of alternating series of thick and 
thin beds. From their composition also it seems highly probable that 
they were laid down under conditions somewhat similar to those which 
affect the deposition of beds of sand, clay, marl and iron ores in recant 
times. And there must have been sandy, clayey, calcareous and fer- 
mginoos beds like these modem depodts in some respects. Uniform 
conditions may have prevailed over lai^r areas than they do to-day, 
SB is proved by the extensive outcrops of rocks having the same gen- 
eral characters and composition. The lakes, marshes or basins in 
which the deposits of iron oxides or iron carbonates accumulated were 
of great length, and apparently of equally great breadth, and the 
■deposition was long continued, forming thick beds, when they in turn 
were covered by other sediments. Thus the accumulation went on as 
the older strata gradually and slowly subsided until the thickness 
amounted to liiousands of feet. The time was long, perhaps as great 
in length as the combined ages of all the later formations. With the 
■subsidence of the beds, the ^ents, pressure, heat and water, came into 
action, producing the great changes wherein these fragmental sedi- 

*The horizonUl lines in the Bgore bavs no stractnral tignificance. 
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meats and fine deposits were altered into ciystalline masses. Thi» 
change or metamorphism of the strata was probably slow and in pro- 
gress throughoat a long period of time. The gradual subsidence also- 
gave the strata more or lees gentle inclination, and dip began as an 
element of stratification. Upheaving and compressing forces at length 
bf^;an their mighty work and the gently sloping beds were raised up 
along axial lines of great length into huge arches and depressed into- 
deep troughs, and compressed by the powerful thrust of lateral forces- 
into close folds, so that all the beds were brought into an approxi- 
mately vertical position. And from the steeper iuclinatioo of the 
beds OD the southeast, this thrust or horizontal compression was appa- 
rently greatest' on that side. As already stated, the folding took plac& 
along northeast and southwest lines, and the lateral forces pressing the 
strata together was from the southeast aide. Bnt it is scarcely con- 
ceivable that such prodigious enei^, exerted however slowly, confined 
itself to the folding in one uniform direction throughout the whol& 
area of these Archaean rocks. The elevating forces may have acted 
very unequally and at greatly varying rate ; and the inequalities thus 
caused, with difilerences in the nature of the bed, and compressing 
forces acting with varying intensity, would (end to disturb the sym- 
metry and produce the diverse strike and dip which we recognize as- 
exceptional to the general coarse and prevailing directions. Or a com- 
bination of lateral forces would produce the twists, as it were, in the 
strika The northwest strike in the localities referred to on page 51^ 
may be the result of bends or folds caused by pressure from the north- 
east or southwest and in the general lines of folding. 

Varying intensity in the upheaving and folding forces would not 
only tend to produce diverse dip and strike, but also fractures and 
rents in the strata. The different degrees of firmness and elasticity in 
the strata themselves would aid in bringing out such fractures and 
dislocations. And &ults would result from these causes. Lateral 
pressure exerted unequally upon a bed of uniform degree of elasticity 
and resistance would disrupt it along lines parallel to the line of pres- 
sure, or approximately so. Pressure in the line of the strike might 
pucker up the beds and sundering them let them slip past one another.. 
An ideal illustration of the result of compression, exerted in the line 
of strike, producing partial folding and pinching in a more elastic 
bed, as iron ore, is here inserted. The solid black band represents a 
bed of ore, which with the adjacent gneisaic strata, has been thus con- 
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torted aud squeezed to a thiD layer between the less elastic gneisB. 
"We may coDceive the squeezing prooess to have been carried so &r as 
to pinch out the ore where the fold is seen and produce an apparent 
fault or o£&et in the once continuous bed. No doubt some of the 
Bo-called offsets are not simply lateral displacements or thrusts, but 
contortions of this kind. 




Plan of an Ideal Fold of Ore-bed and Oneias. 

A lateral fold or contortion apparently of this nature is seen at 
Dennings Dock, New York, a map of which is given on the following 
page. 

Or, again, in the very close folding the beds of the arch might be 
shored over upon the trough of its neighbor and whole succession of 
strata be faulted. Such faults as have been shown on page 65, 
probably had their origin in this way, whereas the more common 
lateral displacements -or offsets were caused by unequal compression. 
The vertical faults, like that of the Hurd mine, which are so charao- 
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teriatic of these rocks, appear to have been produced by the same 
ageacyas that which gave riae to the pitch. Unequal uplifting forces 
may have faulted the already vertical and folded beds on more or leas 
parallel northwest and southeast liaea, and depressed the northeast ends 
of each section so as to give rise to the piioh, A systetu of such 



^AP OF Strike in GNEtssic f^oCKS 
-^J^M R.RR. COT. 
NEAR Denninss Dock 
Hi SHI »NDS or THt 

BUOSOK. NY. 





&ults would account for the inclined axes of the folds and give the 
beds a descent in the line of strike in addition to the older incliaation 
of dip. In general the faulting in these Archaean rocks is mainly in 
the lines of dip and strike and is probably the work of folding, com- 
pressing and uplifting agents. 

These forces were doubtless the factors in the production of what 
has been styled the shoot and pinch atruoture. The ore beds possessing 
more elasticity than the adjacent and enclosing gneissic and syenitic 
rocks adapted themselves more readily to their action and accumulated in 
-certain lines or horizons and in somewhat irr^ularly shaped bunches. 
Where the compression was less they would be thick ; where more inteuse 
they would be squeezed into thin sheets, if not cut out. This pres- 
sure may have been in part, during the deposition of the succeeding 
beds over the ore, and caused by their superincumbent weight, which 
was unequally distributed. When the effect of heat also is considered, 
which might result from great pressure, the causes appear adequate to 
the production of gi'eat inequalities in one and the same bed. ^ut 
the more probable theory is, that the uplif^ng and folding forces did 
more in ^ving shape to these ore bodies. Of course, the formation 
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of BDch sedimeDts in shallow lakelets and marshes as bog and lake 
ores, or the deposition of carbonate of iron in the water of lagoons, 
might explain the lenticular shapes of the iron ore itam. And the 
suocessioo of BbootJ) in the case of many of oar iron mines seems to 
agree witli the theory of sach a mode of original deposition — in a 
chain of small and partly connected bogs and lakelets. This origin 
determined the general direction and extent, bat subsequent forces of 
uplifting, folding and compression must have greatly modified them 
and given them their present shape. 



ITNSTBA.TIP1ED BOCKS, DIKES AND VEINS. 

The preceding section was devoted to the description of stratified 
rocks, and the chaoges in their forms due to folding, faulting, com- 
pression and contortion under the action of various agents. There 
are other outcrops, and those in which stratification does not appear ; 
fud they are said to be massive. Here are classed the granitic, 
syenitic and trappetm rocks. Their outcrops are so limited in extent 
that they form but a very small fraction of the whole surface of the 
Archaean, and their distribution in it is not represented upon our 
maps. There are no graoitic axes or cores in our mountain masses. 
In fact, the lai^est known outcrops of granitic and syenitic rocks are 
scarcely larger than what may be considered as huge dikes. And it 
is uncertain as to the exact nature of some of the so-called granites. 
Furilier examination may show that they are Stratified rocks, in which 
the bedding has been obliterated, and the faint parallelism in the 
arrangement of the minerals may give the clue to the bedding. The 
very indistinct marks of stratification in some outcrops of rocks known 
to be bedded, by quarrying and mining explorations, warns against a 
too hasty conclusion in favor of their supposed massive or unstratified 
structure. There are localities, however, where dikes of granite 
traverse or cut across strata of gneiss. Fine exposures are seen in 
the Pequest rock cut of the Delaware, Lackawanna and Western 
Railroad, near Pequest fnmace, in Warren county; on the line of the 
New York, Susquehanna and Western Railroad, near Stockholm, but 
in Passaic county ; on the same road, east of Oharlotteburg ; along 
the- Sussex Railroad, one and a half miles east of Waterloo, (very 
beautiful sections of granite dikes, cutting a bomblendic gneiss) ; at 
Oxford, in Warren county, and along the Belvidere Delaware Rail- 
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road, at the end of the Pohatoong range. In the Bryant mine and in 
the Excelsior mine, north of Hackettstowu, the ore worked was from 
what appeared to be ore-bearing dikes of syenitic rock. The Mitchell 
mine, near Port Murray, waa much the same in appearance. In the 
Fequest mine and in the Naughright mine, huge dikes were met with 
in followiog the ore, and they appeared to otU it out alt^^ther in 
certain directions. Very beautiful examples and easily ~^cceasible 
sections can be seen in the Highlands of the Hudson, along the 
Hudson River Bailroad, at Cold Spring and Beverly Bock, near 
lona Island station, and near Peekskill, going towards Fort Mont- 
gomery tunnel, The above references are all to granitic or syenitic 
rocks. The number of localities could he readily increased, as small 
dikes of these rocks are oommon almost everywhere in the gneissic 
ranges. Trap dikes are not so frequently observed. The best exposed 
and most accessible locality of the latter class is seen in the buckwheat 
field opening of the New Jersey Zinc and Iron Company, at Franklin. 
There are at this place several narrow dikes, like great thin plates of 
rock, standing on edge across the zinc ore strata. The northeastern 
dike is, however, mnch larger (20 feet thick), and apparently increas- 
ing in size going down. In the Mount Olive mine a dike of very 
fine-grained trap-rock, only one to two feet thick, has been found 
running down almost vertically from near the surface to the bottom 
of the mine. Such narrow dikes do not seem to have affected the 
ores, either of iron or of zinc, to any marked extent. The laiger 
granite or syenitic masses give' trouble to the miner and appear to 
disturb more the i-^ularity of the bedding. 

The composition of these intrusive and unstratified rocks has ilot 
been studied. The facts of their occurrence have been collected. The 
study of the rocks is necessarily deferred to future reports. 
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IRON MINES. 



Since the publication of the Otology of New Jersey, in 1868^ 
notices of the discoveiy of new localities of iron ore aod of the open- 
ings of mines have been given from year to year as these localities 
have been visited and data describing them have been received. But 
no systematic description of all the mines has been attempted each 
year. In 1873, the Archaean rocks, including the ranges of magnetic 
iron ore, were grouped in four geographical belta and the list of mines 
was published with notes of all the newer openings. During the 
business depression which followed the panic of 1873 and which con- 
tinued until 1879, very few new mines were opened and the iron- 
mining industry was confined largely to the older and larger mines. 
The revival of bu^nees, in 1879, stimulated searches for ore, and 
many old openings and mines were reopened. And in the report for 
that year a list of the mines with notes appeared. It was republished 
in 1880, supplement^ by descriptions of localities omitted in the pre- 
ceding report. The notices of Uie iron-ore district, including local 
descriptions, are, therefore, in the reports for 1873, 1879 and 1880. 

A review of the iron-ore district and a revision of the list have been 
attempted this year. The field work of the season was in part devoted 
to visiting the mines, so tar as time would allow, and to collecting 
notes and data bearing upon the structure of the iron-ore bodies and 
their relations to the associated gneissic rocks. The facts about their 
working and the general condition of the iron-mining industry, or 
what might be called the economic geology of the iron-ore district, 
have also been gathered so far as was possible. All' of the larger 
mines in Morris, Sussex and Passaic counties were visited. But a 
vast deal of information has come from mine superintendents and 
agente of the companies owning and working the mines, and from 
mine owners also. And the Survey is under great obligations to all 
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for the geoeroua aod prompt coDtribution of valuable material relating- 
to the mines and the occurrenoe of iron ores in our Highlands. While 
the list of localities ia believed to be full, the notes are in many cases 
Boanty, and refer either to structural peculiarities or to their working. 
Full descriptions have not been attempted as the rocks and ores have 
not been studied nor analyzed. Hence, the report on the iron mines 
tliis year is incomplete and to be regarded as one of progress, or pre- 
liminary to a final report anoth^ year, when the whole district shall 
have been surveyed and mapped, and after examinations shall have 
been made of the ores and the rocks, and all the possible aid irooi 
mine surveys have been gathered to help in understanding the geo- 
logical struoture of the Highlands and the mode of occurrence of the 
magnetite in it. 

It is desired that all mine owners, E^nts and superintendents or 
managers shall scrutinize the list and the notes, as well as the preced- 
ing sections of the report devoted to structure, and collect all available 
&cts which may either confirm or refute the positions and statements ■ 
here presented. It is only after a full discussion of all the facts 
that we can hope to reach correct conclusions and discover the true - 
theory of these iron ore beds. And this result means the more rapid 
development of this mining district and the avoidance of losses inci- 
dental to wrong hypotheses. The year has not been a prosperous one 
in iron mining. The low prices in the early part of the year and the 
continued dullness through the latter part, intensified by the exceed- 
ingly slow market for ores at any prices, produced a depression which 
was felt by all and is manifested in the diminished output for the 
year. The aggr^^te tonnage of iron ore over the several rwlway 
lines, which transport very nearly all the ore that is mined in the 
State, is 521,416 tons, as compared with 932,762 tons reported in 1882. 
A noticeable change since 1881 is the decrease in the number of work- 
ing mines. Only the more thoroughly equipped mines which are near 
transportation lines continue to be worked. Nearly all of the smaller 
mines have suspended working. Some of them have been permanently 
abandoned. And a few of the larger and deep mines also have been 
given up by lessees. The work of prospecting and of opening new 
localities also is at a stand-still. There is no motive or stimulus to 
start such work. And in the general stagnation of the market for ■ 
ores new mines would not be able to compete for business, excepting 
at very low figures, unless they can furuish ores of extra quality and . 
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are favorably located. And as the cost of mining is Dot macb leesened 
by a reduction of the labor item, the mai^n left for the miner ig 
narrow. In many cases the rates obtained barely cover expenses, 
iocluding royalties, and some of the mines are thus kept in operation 
in order that the men may be kept, and to avoid the deterioration and 
lose to mine machinery, timber, &c., incident to stoppages for any 
length of time. Others which are worked on long leases are of neces- 
sity kept in working. In view of tfie low prices and the duUoesa of 
the market, mant^;er8 are looking to all possible economies. And 
improvements in boilers, the use of cheaper fuels, greater economy in 
handling by means of mechanical devices .saving labor, machine drills, 
more powerful explosives, and connection by switches with main lines 
so as to bring cars direct to the dumps, are all in use or in process of 
introduction. Many existing leases are on high royalties. And in 
these times when every possible source of eoonomy is to be sought 
after, it wonld seem as if more favorable and easier terms ought to be 
had. Writing in the general interest of our mining industry, we 
think that royalties should fall so as to allow the land owner, who 
rune no risk, to bear his share in the general reduction of profits. In 
consequence of the long terms of many leases immediate changes are 
not always possible, or, perhaps, always desirable. Perhaps a sliding 
scale adjusted to prices of ore would be a more equitable arrangement. 
At the present time, royalties in our State are at an average rate of 
fifty cents per ton, ranging from twenty-five cents to one dollar. 
They are higher than in the iron districts of New York or Pennsyl- 
vania, and, of course, above the rates which prevwl in less favorably 
situated ore regions. And this is one of the elements which is divert- 
ing the iron-mining business to other localities. It is, therefore, worthy 
of the eeriouB consideration of our land owners and owners of mineral 
rights, who do not work their mines and who incur no expenses for 
equipment, means of transportation, cost of running and hazard no 
losses, and in many cases have no extravagant interest accounts, to 
ascertain if lower rates might not attract more business and be equally 
remunerative. 

Note. — The order of the following list is that of the four belts, 
viz., Kamapo, Passaic, Musconetcong and Pequest. And in these 
groups the arrangement of the mines is from southwest to northeast. 
The references to notices or descriptions in previously published 
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reporte of the Geological Surrey follow the name or notes and are iu 
smaller type. So far as is known, all the mines which have been at 
work during any part of the year have some notes to that effect or are 
more fully described. The absence of any statements whatever, indi- 
cates that the said mines have been idle. Many which have been 
abandoned are referred to on account of some items of interest pertain- 
ing to them. 

RAMAPO BELT. 

Bebnabdsvillb Opekhto, Bernard township, Somerset county. 
AoDual Beport, 1873, p. 24. 

1874. p. 41. 

Jahes Mine, Bernard township, Somerset county. 
Geolc^ of New Jersey, 1868, p. 544. 
Annual Report, 1878, p. 24. 

OoMNET, or Water Street Mine, Mendham township, Morris 
county. 
Annual Report, 1878, pp. 24-26. 
1879, p. 41. 

Beers OPENiNoa, Hanover township, Morris county. 
Annual Beport, 1878, p. 69. 
" 1879, p. 41. 

Tatloe Openings, Montville towndiip, Morris county. 
Annual Report, 1S73, p. 26. 

Cole Farm, Montville township, Morris county. 
Annual Report, 1874, p. 21. 

" 1879, p. 41. 

Kahart Mine, Pequannock township, Morris county. 
Geology of New Jersey, 1868, p. 544. 
Annual Report, 1873, pp. 25-26. 
1880, p. 101. 

DeBow Place, Pequannock township, Morris county. 
Annual Report, 1878, p. 26. 
" 1879, p. 42. 

1880, p. 101. 
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Lanaqan Mine, FeqnaDOock townahip, Morris twanty. 
Annual Report, 1878, p. 26. 
1879. p. 42. 

JxCESOs, or PoMPTON MiNE, Pequannock towDship, Morris oounty. 
Geology of New Jertey, 1868, p. 644. 
Annual Report, 1873. pp. 26-27.' 
" 1879, p. 42. 

DeBow Mine, Pequannock township, Morris county. 

This mine was re-opened two years i^ and worked for a sliort time 
by A. Z. Ryerson, of Bloomingdale. The vein was reported five ieet 
wide. 

Annual Report, 1878, p. 27. 
1879. p. 42. 

BsAH Lot, Fompton township, Morris county. 
Annual Report, 1879, p. 42. 

Kanouse and Brown Mines, Pompton township, Passaic county. 

The northeast or Kanouse mine was opened many years ago, and 
a deseription of it appeared in the Greology of New Jersey. The 
Brown mine is a more recent opening of S. D. Brown, of Paterson. 
The Midvale Ore Company has expended a large sum in testing the 
property, patting up machinery and grading a branch railroad to the 
New York and Greenwood Lake Railroad. There are two main 
shafts, about 1,600 feet apart and 100 feet deep. From them drifts 
to the aggregate length of 600 feet have been cut in the vein, with a 
view to overhand stopping. The ore is said to range from eight to 
twenty feet wide. Several thousands of tons of ore have been mined 
and shipped to the Bethlehem Iron Company, at Bethlehem, and to- 
the Pennsylvania Steel Works. The ore is low in phosphorus and 
adapted to the manufacture of Bessemer pig metal. The property is 
owned by Mrs. S. D. Brown and is held by the Midvale Ore Com- 
pany. In view of the comparative soaroity of Bessemer ores in our 
State, it is to be hoped that this apparently lai^ and accessible ore 
body will be further explored and develop into a permanently pro- 
ductive mine. 

Oeology of New Jersey, 1868, p. 545, (Kanouae mine.) 

Annual Report, 1873, p. 28. (Kanouse mine.) 

1874, pp. 21, 22, (Brown mine.) 
1S80, p. 102. 
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Sloat Fakm, near Midvale, Pompton township, Passaic connty. 

The Sloat farm openings have not been described in any of the- 
Survey Reports, as the first visit to tbe locality was in 1882. They 
are not new, having been made some years ago. The place is two 
miles northeast of Midvale station. There are four openings located 
ou the eastern side of a steep, wooded ridge. The south pit was about 
twenty feet deep. The strata opened, consisted of gray gneiss with 
magnetite and of a hornblendic or syenitic gneiss also carrying mag- 
netite. At the northernmost opening, where the most work appeare<t 
to have been done, the ore on dump was lean and much mixed with 
Tock. The pit sides had so fallen in that the strata were not seen. 
In a third hole, and located on the ridge 250 yards northwest of the 
last described, a thin bed of good ore was uncovered at a depth of ten 
feet. The attraction about the openings was not very strong. The 
locality possesses interest aa showing the occurrence of rich ore in a 
thin bed or vein and ore or magnetite in rock strata. No work has- 
been done here since the place was visited. 

Butler Mise, Hohokus township, Bei^n county. 

Geology of New Jersey, 1868, p. 544. 
Annual Report, 1879, p. 42. 



PASSAIC BELT. 

Laiuje Openings, Clinton township, Hunterdon county. 
Annual Beport, 1873, pp. 28-29. 
1879. p. 43. 

Annandale, or Sharp Shaft, High Bridge township, Hunterdon, 
county. 
Annual Beport, 1880, p. 102. 

HiSH Bridge, or Taylor Mine, High Bridge, Hunterdon county. 

Geology of New Jersey, 1868, pp, 617-6ia 
Annual Beport, 1873, p. 29. 

" 1879, pp. 48-44. 
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SiLVBBTHORN, OF Eean Minb, High Bridge township, Hanterdon 
oounty. 
Annual Report, 1879, pp. 44-16. 

1880. p. 102. 

1881, p. 37. 

Emoby Fabh, High Bridge township, Hunterdon ooanty. 
Annual Eeport, 1879, p. 45. 

Sharp Farm, High Bridge township, Hanterdon county. 
Annual Report, 1879, p. 43. 

Creaoeb Place, High Bridge township, Hanterdon ooanty. 
Annual Report, 1880, p. 102. 

Old Furnace Mine, High Bridge township, Hanterdon oounty. 
Annual Report, 1873, p. 29. ' ' 

1879, p. 45. 

1880. p. 102. 

OoEESBDRGH MiNE, TewlcBbury township, Hunterdon county. 
Annual Report, 1873, pp. 29-80. 

Bttkrill Fabm, Tewksbury township, Hunterdon county. 

This locality is one and a half miles southwest of Fox hill, or Fiur- 
mount, and a half mile westerly from the Mountainville road. It 
scarcely amounts to more than a trial shafl in search of ore; and it is 
nearly four miles from the nearest railroad station. 
Annual Report, 1880, p. 102. 

Sutton Fabm, Tewksbury township, Hunterdon county. 

The last work which was done at this locality was two years i^, 
when about 200 tons of ore were raised from a new shaft located a 
few yards southeast of that put down by Mr, Sutton, The deepest 
working was only about 30 feet down. 
Annual Report, 1873, p. 30. 
" 1879, p. 46. 

FiSHEB, or Fox Hill Mine, Tewksbury township, Hunterdon 
county. 
Annual Report, 1878, p. SO. 
1874, t.. 22. 
" 1877, pp. 49 and 50. 

" 1879, p. 49. 
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^WeijCk Fabm, Tewksbury townsliip, Huaterdoo oouoty. 

The openings for ore in this place have not been mentioned in any 
of the Geological Survey Reports. The locality is properly one of 
exploration, and not a mine. It is half a mile east-northeast of Fair- 
mount, and is on lands of M. Beavers. 

PoTTEBSViLLB, or Updikb Faru, Tewksbiiry township, Hunterdon 
county. 
This locality is also known as the Pott«r shaft. It is west of 
Pottersville and south of the Fairmount road. The work was done 
in 1872-3, by the hite A. Beemer, of Dover. 

Babtle Shaft, Tewksbury township, Hunterdon county. 

The explorations here also were made by Mr. Beemer in 1872-3. 
The vein was said to be 10 feet wide, and dipping steeply to the 
southeast. The ore was blue, hard, and carried some pyrite. Some 
ore was shipped. 

"WOBTMAN Shaft, Chester township, Morris county. 

Another locality which was opened by Mr. Beemer, and about the 
same time as those above mentioned. It is two miles northeast of 
Pottersville, and on the east side of Black river. The depth reached 
(in two shafts) was 35 feet. The ore at the surface was red, and of 
good quality. A drawback to this locality and to the other localities 
near Pottersville, is the distance from railroad, the nearest stations 
being four to five miles away. 

Lahodon Mine, Chester township, Morris county. 

What is termed the Langdon mine is on the farm of Robert Pitney 
and is .one and a half miles southwest of Hacklebarney. Attention 
was drawn to the locality by the magnetic attraction. And it was 
opened in June, 1880. The vein is traceable by means of the attrac- 
tion a distance of 2,000 feet, from northeast to southwest, but it has 
DOt been opened more than 1,000 feet. The course is S. 35° W. 
(magnetic). Fits were first dug and the ore was worked open to day, 
but subsequently they were partly filled by timbers covered with 
earth to allow of undei^round work. Tlie ore was found 3 to 12 feet 
beneath ^e surface. There are two shoots of ore which piteh toward 
the southwest at an angle of about 20°. The dip is at a moderate 
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angle toward the rtoatfaeast. In the soothwest shoot the working 
have been pushed to ft depth of 80 feet id the maio (pomp) shaft. 
The breadth of ore ranges from 10 to 15 feet. The hanging wall is 
very smooth and hard. The foot wall of the ^oot is a atA rock. 
Drifting into it, another vein has been opened, which is three feet wide 
above aitd at lea.'^t 6ve feet in the sink. The horse of rock separating 
the mMn vein from this ore on the foot-wall side is between oae and a 
half and two feet thick at the bottom aitd three to four feet above, 
nt'arer the surface. The latter ore is said to be rich ; in the opper 
part it wa'4 soft. In the northeast shoot thevNo is 11 to IS feet wide 
and the deepest working is down 28 feet. Northeast <^ the pnmp 
shaft abont 40 feet there is a lateral fault, or oflWt, in which the vein 
in thrown seven feet into the foot wall (looking northeast). Beyond 
this point and between the openings on the sonthwest and the north- 
east open cat a greater ofiset, and into the hanging wall side, is indi- 
cated by the sudden change in the course and nature of the attraction. 
The working indicate a probable displacement vertically and there 
may be both a lateral and vertical faulting in this untested interval 
between the two shoots. 

The top or surface ores, to a depth of 8 to 38 feet, were red and free 
from sulphur. The blue ore of lower workings carries some pyrite 
and mica in thin layers or laminae, resembling in these respects the 
Hacklebamey ores. For washing the red ore, the brook near the mine 
furnished the necessary water. One pump served to nnwater the mine 
and the same boiler afforded st«ani for hoisting also. The ore was 
carted to the railroad at Hacklebarney at a coat of 40 to 47 cents per 
ton. The mining was done cheaply and profitably until the discon- 
tinuance in May, 1882, since which date the mine has been idle. With 
a revived demand for ore, or with railroad facilities at the mine, it 
can be worked profitably again. 

L. W. Laogdoo & Son were the lessees. 

Annual Eeport, 1879, p. 46. 
1880, p. 103. 

On the Pitn^ property, adjoining the Langdon mine on the north- 
east, a shaft was sunk near the line and a vein found 12 to 15 feet 
wide, also pitching to the southwest. The attraction is rather fajnt. 
The ore was mixed with pyrite and was lean. It has not been further 
tested. 
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PrrsBY Mike, Chester township, Morris county. 

The Pitney mine is on Kobert Pitney's farm, northeast of the 
Ijangdon farm. The mining was done under a lease by Cooper, 
Hewitt & Co., in 1879-1881. The place was abandoned near the end 
of the latter year. The openings are in a northeast and southwest 
direction and not more than 100 yards long. 

Babiok Fabh, Chester township, Morris county. 
Annual Report, 1873, p. 31. 
" 1879. p. 46. 

Hacklebarney Mines, Chester township, Morris county. 

The uninterrupted working of these mines of the Chester Iron 
Company has developed a great extent of ore, and afforded excellent 
opportunities for studying structural phenomena. A careful survey 
is necessary, however, to show the exact location of the numerous 
openings and their relations to one another. The great fault at Black 
river, the lesser offsets in the veins to the northeast of it, and the 
frequent alternations of ore and rock, both so plainly stratified, need 
a detailed survey to properly illustrate any descriptions of them. , 

The later mining on the hill to the southwest is reported to have 
opened a very good vein beyond the limits of the older surface 
workings. 

In the coal house cut, the northeast breast is undermining the road, 
and it is 30 feet wide and 40 feet deep. This lat^ shoot will doubt- 
less be followed to the river, beyond which it appears to be faulted to 
to the southeast. In the same mine, at the southwest, a tunnel has 
been cut through the bottom rock to what is thought to be a separate 
and lower shoot of ore. On the west there is ore beyond the foot 
wall of this cut, and the limit of the ore belt in that direction has not 
been reached. 

Northeast of the Black river, the deepest openings are now below 
water-level. A large amount of ore has been taken from these 
excavations in the hillside, and there is still a great thickness of ore 
left in the bottom and in the breasts. The lean ore beds have been 
left standing in some parts of these open cuts and in the mines, 
although in removing the workable ore much of it was necessarily 
taken out. The mining has been carried nnderground to the northeast 
from the old open cuts near the river. A feature of these openings is 
that there are so many strata or beds of ore interstratified with rock. 
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The bedded stmctnre ia very plainly marked. The average dip is at 
an angle of 66° towardB the southeast. Rolls in the walls are met 
with which vary the angle of dip and pinch the ore. The pitch to 
the northeast is also apparent in these rook walls as well as in the shoota 
of ore enclosed by them. A beautitnl example of faulting is to be 
seen at the northeast end of the westernmost cut or opening. The ore 
is thrown into the hanging wall (looking northeast) fully 30 feet. 
The break is straight and vertical in its plane, and at right angles to 
the course of the ore, or to the strike. Going northeast, the moat per- 
sistent bed is known as the tunnel vein. It has been followed a long 
distance up the hill and on the southeast aide of the main road. Ita 
name is from a tunnel which ia driven in the hill from the northwest, 
about 500 £eet long. It is marked by its regular thicknese and dip, 
averaging five to aix feet in width, and dipping 55° to the southeast. 
On thia sloping hill from the pond southeast and east to the George 
vein, there is a belt 800 feet wide, in which the surface diggings have 
opened several parallel veins or beds of ore. They are mainly confined 
to a belt east of the public road, and near the course of the tunnel 
vein. These trial pita are nearly all less than 30 feet deep ; and the 
ore is found in rather narrow beds, dipping very r^ularly at about 
55° to the southeast. Near the surface, it is red ; deeper, it is soft 
bine, and all of it ia broken up with the pick. The deeper explora- 
tion would find it more solid and hard, as in the deeper parts of the 
tunnel and George veins. The many surface pits have proved the 
existence of many parallel beds of ore. It will be interesting to 
watch the further explorations and ascertain whether they are distinct 
beds with well defined walls, or the parts of a large body of ore below, 
which near the surface fingers out, so to speak, or are separated by 
horses of rock. 

The George vein is opened on the top of the hill, south of the road. 
Properly, there are three aeparate beds, with strata of rock between 
them, and dipping uniformly and steeply to the southeast. A shaft 
now being put down on this vein is 70 feet deep. 

Proceeding northeast, the next openings are on a narrow belt, where 
the surface is owned by Cooper, Hewitt & Co., and the mineral rights 
belong to the Chester Iron Company. When visited in the autumn, 
three trial pita had struck the ore. In one of them the ore measured 
15 feet in width, and was found within three feet of the surface. The 
red ore at the surface graded into soft blue going down, though quite 
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irr^llQlarly mixed in places. The stratification was distinctly marked 
in the stringe of ore and rock at the top, and the well-defined walls- 
at the bottom. All of the material was so di«ntegrated and soft that 
no blasting was requisite to break it up. The indications which these- 
trial pits gave at that time were very promising of a large and r^ular 
ore bed. 

The working of the Hacklebarney mines is conducted economically 
by using the water-power of Black river to do the hoisting and 
pumping from the large openings near it. All the red ores from the- 
various surface pits are washed at the old mill site. The ordinary 
rotary cylinder washer is in use for doing this work. Lean ores lose- 
about 25 per cent, in weight, in washing, while the richer grades lose- 
very little. 

A southeastern range of ore has been opened on this property by 
the company, and one-third of a mile to the southeast of the mines^ 
near the river. The vein is said to be five feet wide. A wagon road 
has been built along the river to it from Hacklebarney. The product 
of these mines of the Chester Iron Company amounted in 1883 to- 
19,000 tons, a slight decrease, occasioned by the general dullness ia 
the iron ore market. 

Geology of New Jeraoy, 1868, p. 557. 
Annual Seport, 1873. pp. 85-36. 
" 1879. pp. 47-49. 

1880. p. 104. 

GuLiCK Fahm, Chester township, Morris county. 

Adjoining the Hacklebarney mines on the northeast b the Gulick 
&rm, on which there are two ranges of ore. That at the southeast is- 
a oontinuation of the Hacklebarney southeast vein and is opened at 
the foot of the hill near a small stream, tributaiy to Black river. 
Three shafts have been sunk. At the southwest there are two whip 
shafts which open the ore bed. Going northeast an offset of about 30- 
feet into the hanging wall is observed, beyond which is the third 
ahat^. The whole length as thus tested is 500 feet from the southwest 
to northeast. In the latter shaft, at a depth of 40 feet, the ore was 
replaced by a hornblendic gneiss, or syenitic gneiss, the walls apparently 
continuing uniform and dipping at an angle of 60° to the southeast.. 
The replacement appeared to be sudden and complete, so far as could 
be seen at time of visit. It is possible that the replacement is only 
apparent and that the ore is thrown down by a cross slide or vertical 
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fault. The aur&ce red ores found id these shafts, give way, going 
down to the soft blue variety. 

The western or northwest range of ore on the Gulick property hag 
been tested at several points by trial pits and shafts. They prove the 
existence of an almost continuous range or series of small shoots, 
although nearly all of them are too shallow to prove the size of these 
ore bodies. One of the most successful of these openings is that on 
the "flats" and near the former workings of the North Jersey Iron 
Company. A considerable quantity of soft blue, stratified ore was 
raised from it last summer. Thin layers or sheets of greenish, miea- 
ceous rock occur, interlaminated or banded with the magnetite in much 
of this ore. The main or whim shaft, on the hill a few rods west of 
the Hacklebarney road, is 75 feet deep. The ore in it ranges from 
one to six feet in width. Near the Chester Iron Company's line on 
the west and west of the "flats" shaft, the «ein is offaetted into the 
hanging wall about 30 feet (looking northeast). Beyond this offset 
the test pits and shafts have discovered two shoots aide by side. The 
ores found on this farm are red near the surface and soft blue at 
greater depths. Some of them contain a small percentage of green 
augite, and pyrite is common to all of the blue ores. Thus far the 
developments have been of a very interesting character. And it is to 
be hoped that the explorations will result in deep mining and show 
us the exact nature of the changes already observed so near the sur- 
face. The property is owned by Cooper, Hewitt & Co., and the min- 
ing explorations have been carried on under the superintendence of 
Sampson Geoi^, of Chester. 

Annual Report, 1873, p. 36. 
" 1879, p. 49. 

Cbeaoeb, or Peach Obchahd Mine, Chester township, Morris 
county. 
This plaoe, lying between the Gulick and the Hedges, is being 
further tested by L. W. Langdon, of Chester. It was abandoned in 
1873 by 8. Geoi^. 

Annual Eeport, 1873, pp. 86-37. 

Hedges Mine, Chester township, Morris comity. 
Annual Eeport, 1873, p. 37. 
1874, p. 23. 
" 1879, p. 49. 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. 91 

DiCKERSON Farm, Chester township, Morris county. 

This property adjoins the Hedges on the northeast. The openings 
-are on the northwest range, and are reported as being 80 feet deep. The 
shoots are said to be short. No work has been done since the panic 
-of 187S. The engine and pumps have not been removed. 
Annual Report, 1873, p. 37. 

Topping Farm Shaft, Chester township, Morris county. 

The two Chester ranges of ore are opened on this property. The 
■southeastern line b a continuation of the Sampson mine, and there 
are several openings in the red ore, which show a continuous bed 
from that mine southwest, nearly to the Chester Branch of the P. & 
R. R. R. Co. The shafts are not deep enough to test the size of the 
shoots below the surface ore. 

On the northwest line, and 1,100 feet from the other range, Sampson 
George is sinking trial pits from the line of the Dickerson property at 
the southwest, for several hundred yards northeastward. One shaft, 
■60 feet from the property line, was 50 feet deep, and showed a breadth 
of five to six feet of ore. A second shaft, 150 feet to northeast, struck 
three feet of one. The course as indicated by these shafts is, N. 45° E. 
The ore on this line and found in these shafts is handed with mica and 
-carries some pyrite, resembling the Hacklebarney rather than the ores 
of the southeast range. 

Annual Beport, 1873, pp. 32-33. 

1879, p. 46. 

1880, p. 103. 

-Sampson Mine, Chester township, Morris county. 

This mine is now opened on a length of 350 feet, from southwest 
to northeast, and the slope is 285 feet deep, measured on the foot wall 
or dip of the ore-bed. One large shoot has been worked out. The 
present workings are in a second and lower shoot. The dip varies 
accordingly as the walls roll, but in general it is to the southeast. In 
places where the foot wall falls back, the dip is to the northwest. 
And the irregularities are greater in the foot wall than in that of the 
Iianging. The observed pitch is 22° to the noilheast. The average 
thickness of the ore is eight feet ; in pinches it diminishes to three 
ieet. The mine is worked by 8. George, for Cooper, Hewitt & Co, 

The extension of the High Bridge Branch Railroad to Chester, 
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moa at the side of the ^afts of this mine aDd the Cromwell mine, 
adjoiBing it oa the north, making transportation rapid, and giving 
opportunities for economy in handling the ore. 

Geology of New Jeney, 1868. pp. 537-638. (Sk ell eager.) 

Annual Beport, 1873, p. 88, (Skellenger.) 
" 1880. p. 108. 

Cbouwell Mine, Chester township, Morris connty. 

The Cromwell mine is on the Skellenger, or Sampson mine shoot^ 
northeast of the latter. It extends northeast to the hotel property. 
The slope is reported to be 180 feet deep. At time of visit, in the 
fall, mining had stopped. The pumps were still going and it was 
sftid that operations were to hegin again soon. It was worked t^ 
the Cromwell Iron Co., '■■ Cox, contractor. 

(See references under Sampson mine.) 

Hedges Fabu, Chester, Morris county. 

This property is traversed by the northwest range of ore west of 
Chester and northeast of the Topping place. The explorations on it 
have not, so far, been very snccessful in finding ore. 

Cbeamer Farm, Chester, Morris connty. 

The Creamer farm also is crossed by the northwest ore range, bnt 
no developments have been made since last reports. 
Annual Report, 1873. pp. 81, 33. 

Hotel Pkopbbty, Chester, Morris county. 
Annual Beport, 1873. p. 83. 

1879, p- 46. 

CoLLie Shafts, Cheater, Morris county. 
Annual Report, 1873, pp. 81, S3. 

SwAYZE Mine, Chester township, Morris county. 

The Chester Iron Company has mined a large amount of surface 
ore from this vein, and has opened it up to the Cooper, on the north- 
east, making a long line of continuous ore. Work here was suspended 
last May, and the mine is now idle. 
Annual Report, 1873, pp. 33-36. 
1879, p. 47. 
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Cooper Minb, Chester towoabip, Morria connly. 

The continued working of this mine has resulted in a large product 
of good ore, and opened some peculiar structural features, which are 
further noticed under head of " exploring for ore." From the Chester 
Iron Company's (Swayze) mine, on the southwest, the workinga show 
an unbroken line for 1,465 feet, or to the offset northeast of No. 4 
slope. A very lai^ amount of red ore was obtained from it by means 
of open pits. The average depth of these surface workinga was 60 
feet. Here the ore was found quite flat and in broad shoots. As it 
could be got out by use of picks, mainly, it was mined at a low cost. 
All of the working is now undei^round, and there are four slopes, 
which follow the ore, descending at an average angle of 45°, on the 
foot wall. The pitch of the bottom rock, southwest of elope No. 3, 
and within 30 feet of No. 2, is at an angle of 25° towards the north- 
east. The rock on the ore in slope No. 4, which is supposed to be the 
cap over this lai^ shoot, also pitches to the northeast. A centrally 
located engine affords the power for hoisting in all of them. Cars 
run in three of them ; in the fourth buckets are used. The construc- 
tion is such that they dump automatically at the head of the slope, 
thus avoiding an much as possible handling of the ore. The vein is 
less regular at the southwest, and the explorations in slope No. 2, 300 
feet northeast of the property line, already referred to, show a strange 
and inexplicable occurrence of ore in the foot wall and in the bore 
holes, nearly in the course of the shoot, prolonged. The ore was cut 
out in the slope at about fifty feet from the surface, and a greenish 
colored, hornblendic rock appeared to take its place on the foot wall 
side, and at length across to the hanging wall, which retained its average 
dip to the southeast. The slope was carried down to a depth of 150 
feet from the surface, and then short horizontal drifts were put into 
hanging and foot walls, and subsequently three bore holes were put 
down at angles of 40°, 50° and 60°, respectively. The ore found in 
Nos. I and 2 are nearly in the plane of the dip of the ore bed pro- 
. longed downwards, and the most plausible theory is that they pierced 
a lower shoot of ore, separated by an exceedingly narrow pinch from 
the ore body worked in the upper part of the slope. The ore in the 
so-called /oot loall vein, is not, probably, connected with this lower 
fihoot 

Northeast of No. 4 slope, there is an of&et of 40 feet, at a deptJi of 
70 feet from the surface. Its plane dips southerly, and is oblique to 
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the line of dip. The displacement of the ore is toward the hangiug- 
wall aide, lookiDg northeasts 

As in the mines near Chester, generally, the bedding is plain, and 
especially near the surface. In slope No. 3, the planes of bedding- 
are finely eshibited, and there is on the foot wall side a thickness or 
nine feet of stratified ore, then rock two feet, followed by ore two feet 
thick. The presence of a large percentage of mica in the rock, and 
in thin laminee with magnetite, in the ore, tends to make the bedding 
appear prominent. 

The extension of the Chester Branch of the P. & R. R. R. to the 
mine, affords every convenience for loading the ore directly from the 
mine cars into the ore cars of tliis line. 

The total product for the three years of this mine's history, amounts, 
to 60,000 tons. It is worked by the Cooper Mining Company, and, 
under the management of John D. Evans, of Chester. 
Annual Eeport, 1879, p. 47. 

1880. pp. 103, 128. 

Kean Mine, Chester township, Morris county. 

The Kean property adjoins the Cooper on the northeast. And it 
occupies a length of 2,000 feet on the course or strike of the vein. 
The ore is very much like that of the Cooper mine; near the surface 
red and free from sulphur ; deeper, a blue variety and carrying a small 
percentage of pyrite. The most remarkable structural feature is a 
succession of pinches due to flattening of the walls. Mr. Evans, who- 
has chai'ge of the mining here, reports six of these " offiiets " or pinches 
within a horizontal distance of 54 feet, and which have thrown the 
vein 58 feet into the hanging wall. The property is owned by John, 
Kean, F. A. Potts, and estate of Francis Lathrop. 

Squieb's Mine, Chester township, Morris county. 
Annual Report, 1880, p. 103. 

Leake Mine, Chester township, Morris county. 

This old mine was reopened and worked in 1882 by the late A. 
Beemer, of Dover. It reached a depth of 80 feet and the vein was 
reported to be five to eight feet wide. The northernmost openings are- 
now known as Skellenger's Mine. They were going in 1881 and. 
1882. All have been idle the past season. 
Geology of New Jersey, 1868, p. 568, 
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Geobqe Shastb, Chester towDehip, Morris couQly. 
Annual Beport, 1881, p. 36, (Chester mine.) 

Chiij} Shaft, Chester township, Morris county. 

This locality is one mile south of Chester, and two-thirds of a mile 
east-southeast of Hacklebarney. Some ore was opened here in 1874 
iu the exploriug shaft sunk by the Lehigh Valley Iron Company. 
No further exploration of the property has been made. 

Harden Fabh, Chester township, Morris county. 
Annual Report, 1873, p. 32. 

WooDHULL Mine, Cheater, Morris county. 

BcDD Mine, Chester, Morris county. 

The two last named mines have been abandoned and all the 
machinery removed. 

Geology of New Jersey, 1868, p. 558. 
Annual Eeport, 1873, p. 32. 
1879, p. 46. 

Qoimby's Mine, Chester township, Morris county. 

Tigek's Mine, Cheater township, Morris county. 

These openings are one-fourth of a mile apart on a northeast line,, 
and about a third of a mile southeast of the Woodhull-Budd vein 
openings. The vein in the Tiger property is reported as being three 
feet wide, but the ore was found in bunches and was sulphurous. 
About 300 tons were mined here. More work was done and more ore 
raised on the Quimby place, but no statistics were obtained. Both . 
places have been idle for some time past. 

De Caup Shaft, Chester township, Morris county. 

Daniel Hortoh Misb, Chester township, Morris county. 

Barnes Mine, Chester township, Morris county. 

No work has been done at any of these localities during 1883. 
For previoua notes, see Geology of New Jersey, 1866, p. 558, for 

Barnes; also, 
Annual Report, 1873, pp. 88-39. 
" 1879, p. 49. 
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Lewis, or Hebbice Mute, Baodolf^ towDahip, Monia ooanty. 
Anniul Seport, 1878, p. ^ 
" 1879, p. 60. 

CoiCBS Mine, Randolph townBhip, Morris ooanly. 
Geology of New Jeney , 1868. p. 550. 
AdduaI Beport, 1879, p. 50. 
1880, p. 104. 

Thobf Mine, Randolph township, Morris coonty. 

Hebderson Mine, Randolph township, Morris ooonty. 

Geology of New Jersey, 1868, p. 558. 

Geobob, or JjOQAJf Mine, Randolph township, Morris coan^. 
Geolc^Tof New Jereey, 1868, pp. 558-559. 
Annual Beport, 1879, p. 49. 

Davi]> Hobton-Mine, Randolph township, Morris conntf. 
Geoli^y of New Jereey, 1868, p. 559. 
Annu&l Report, 1873, pp. 89-40. 
1879, p. 49. 

DeHabt Mine, Randolph township, Morris county. 

La WHENCE Mine, Randolph township, Morris county. 

These mines are now leased hy Samuel M. Keiper, of New York 
city, and worked for him by John Gordon, contractor. ' They have 
been in operation for two years. Moat of the work is confined to 
raising the red ore from near the surface by means of open pits and 
by shallow undet^roond shafts and drifts. The principal openings 
are southeast of the old mine shafts of the DeHart place. The red 
ore runs down to an average depth of 30 feet below the surface. It; 
is found to be 6 to 18 feet wide, striking to northeast and dipping 
almost vertical to the southeast. The walls are rotten rock, and hence 
mucji timbering is needed ; but the ore is broken up mostly by pick 
and without using much powder. Below this red ore and over the 
hard blue ore is an intermediate grade or mixed blue and red variety. 
The blue ore contains some pyrite, and to the northeast there is said 
to be a brc«d vein (50 feet across) of magnetite and pyrite which is 
too sulphurous for smelting and is not mined. It was opened about 
twenty years ago as a "copper mine," but soon abandoned, as it so 
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largely contaioed iron pyrites and with scarcely any chalcopyrite or 
copper pyrites. It might be utilized, possibly, for its sulphur in the 
manufacture of sulphuric acid. 

The red ores of these mines, as well as some from the Horton mine 
to the southwest, are washed by water obtained through pampa still 
in the old shafts. They are carted to Succasunna and there shipped to 
various blast furnaces. Of coarse the limit of this eur&oe weathered 
and red ore will soon be reached, as it does not extend much below 
the depth of ordinary open pits or cuts. Its excellence is attested by 
the sale it finds even in these dull market times. The blue ore can 
hardly be said to have been fully tested in these mines on account of 
the highly sulphurous ore which appears in such force, particularly 
to the northeast. The query is, Will it not improve as an iron ore at 
a greater depth ? 

Geology of New Jersey, 1868, p. 559. 

Annual Seport, 1873, p. 40. 

1879, p. 49. 

1880, p. 104. 

DaIjBYUPLE, or Cabbon Mins, Randolph towosbip, Morris county. 
Work at this locality was suspended in June, 1882. It was worked 
by the Lehigh Crane Iron Company up to that date. 

Geology of New Jersey, 1868, p. 559. 
Annual Beport, 1873, pp. 40-41. 
1879, pp. 49-50. 
" 1880, p. 104. 

Trowbkidqe Mine, Randolph township, Morris county. 

Geology of New Jersey, 1868, p. 559. 
Annual Report, 1879, p. 50. 

Solomon Dalbymplb Place, Randolph township, Morris county. 

Cooper Place, Randolph township, Morris county. 

Mukbon'b Mine, Randolph township, Morris county. 
Geology of Now Jersey. 1868, p. 551, (Munson's mine.) 
Annual Beport, 1873, p. 42. 
1879, p. 50. 

Van Dobbn Openimg8, Randolph township, Morris county. 
Annual Beport, 1879, p. 80. 
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Bbyaht Mine, Randolph township, Morria ooanty. 

The Bryant mine stopped in April, 1883. From John D. Evans, 
of Chester, who had charge of the workipg, we learn that there were 
five slopes, the deepest of which, No. 1, went down on the bottom 
rock 735 feet. The pitch was at an angle of 25° toward the north- 
east, and the dip about 60° southeast. The shoots of ore were gen- 
erally small, ranging from 10 to 25 feet in height, and two to six feet 
wide. Fifteen of them had been worked out. The ore did not aat 
mU altc^ether, but pinched to few inches in the cap and in the bottom. 
The ore averaged high in metallic iron and contained very little sul- 
phur. During the seven years' management of Mr. Evans for the 
Bethlehem Iron Company, the aggr^ate product was at least 25,000 
tons. The machinery is about to be removed and the mine abandoned, 
as the most accessible ore has been nearly all taken out. 

Geology of New Jeraey, 1868, p. 566. 

Annual Report, 1880, p. 104. 

CoiTNOB FowuLtfD MiNE, Randolph township, Morris county. 

Chabtjes King Mikb, Randolph township, Morris county. 

King Mine, Randolph township, Morris county. 

This mine was worked by John M. D. Barnes, under lease of A. 
Pardee, up to January, 1879. It has been idle since that date. 

McFarland Mine, Randolph township, Morris county. 
This mine has been idle for years past. 

EvEBS Mine, Randolph township, Morris county. 

This mine stopped April, 1883. The last work done there was by 
the Saucon Iron Company. 

The veins opened in these mines, between the Bryant and the 
Dickerson, are generally narrow. The ores are. rich and of good 
quality, and they are worked advantageously whenever a brisk 
demand for ores makes the prices remunerative enough to pay for the 
extra cost attending their extraction. 

For notes of these five mines, see references as follows : 

Geology of New Jersey, 1868. pp. 566-567. 
Annual Report, 1873, p. 43. 
" 1879, p. 50. 

1880, p. 105, 
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Bkothebton Mine, Bandolph township, Morris county. 

The lease of the Brotherton mine was abandoned by the lessees, 
Messrs. Pullman & George, last fall. No ore has been mined or 
shipped during the past year. 

Geology of New Jersey, 1868, p. 567. 
Annual Report. 1879, p. 50. 
1880, p. 105. 

Btram Mine, Randolph township, Morris county. 

The Byram-Russell slopes of this old mine were abandoned in 
1882.. The greatest depth reached was 1,100 feet, measured on the 
slope, whose dip was at an average angle of 60° toward the southeast. 
The ore at the bottom was of excellent quality, but the vein was 
narrow and the shoots were short. The heavy expenses in raising a 
lai^e quantity of mine water and the ore from this great depth made 
the working no longer possible at a profit. The cost of the ore 
toward the last was in excess of its marketable value. 

The slopes'on the southeastern or hanging-wall veins and near the 
Mount Fern road, were worked until the close of the present year 
when they also were abandoned. The pump and engines are being 
removed to the company's Lower Wood mine, at Hibemia, and the 
slopes are filling with water. Thus ends the working period of one 
of the historic mines of our State. The total ore shipments from 
this mine since October, 1870, amounted to 157,376 tons.* 
Geology of New Jersey, 1868, pp. 567-569. 
Annual Report, 1873, pp. 48-44. 

1879, p. 51. 
1882, p. 70. 

Eakeb Mine (Southeast), Mine hill, Morris county. 

Geology of New Jersey, 1868, pp. 569-670. 
Annual Report, 1879, p. 52, 

HiLLEN MiN£, Mine hill, Morris couivty. 

GeoIc«y of New Jersey, 1868, pp.564r-565, (Millen mine.) 
Annual Report. 1879, p. 51. 

1880, p. 105. 
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Randall Hill Mine, Mine hill,'Morris oooDtf. 

The Randall Hill tDioe is another of oar large mines which has 
app&reaUy ended its working period. The pumpe were taken out of 
the deep slope in October, 1881. A little work, taking out surface 
ore, was done up to February, 1882. 

Oeolog7 of New Jersey, 1868, p. S70. 
Annuftl Report, 1879, p. 51. 
1880, p. 105. 
" 1882, p. 70. 

Jackson Hill Mine, Irondale, Morria conntf. 
Geolt^ of New Jersey, p. 670. 
Annual Report, 1879, p. 61. 

Blace Hili£ Mine, Ferromont, Morris county. 

The Black Hills mine was worked under s lease to A. Pardee until 
June, 1883. It is owned by the Dickerson-Sockasunoy Mining Co. 
Annual Report, 1879, p. 61, 
1880, p. 105. 

DlCKEBfiON Mine, FerromoDt, Morns county. 

This oldest and most widely known of the iron mines of our State 
continues to be actively worked under a lease by A. Pardee from the 
owners, the Dickerson-Suckasunny Mining Company. Three inde- 
pendent shoots of ore are worked, viz., the Cow Belly mine at the 
southwest, the Big mine in the middle, and the Side Vein at the 
southeast. These shoota are remarkable for their irregularity, and 
descriptions without the aid of illustrations and maps are scarcel^r 
possible. One pecnliarity is in the varying strikes of the shoots. 
Thus, the Cow Belly mine lies more nearly in an east and west line 
than the main or Big mine shoot. Another feature is the apparent 
twist or change in the strike in the upper part of the Side Vein. As 
opened south of the Big mine, the drifts and shail show a general 
northwest and southeast course to a. depth of 120 feet, and on a length 
of 100 feet. The vdn is narrow, and the dip is toward the northeast^ 
at a moderate angle. At a depth of 120 feet there was a northeast 
and southwest vein, four feet in width, and dipping to the southeast, 
and croesiog the one which had been followed from the surface down. 
The occurrence is so extraordinaiy that it ie here referred to, thoa^ 
no explanation can be given, unless there is a twist in the shoot at 
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tiiis borizoD. As the northeast and southwest ahoot was not aeeo io 
the upper 100 feet, it does not eeem at all probable that the two are 
separate and true veins crossing one another. Still, for §0 feet, and 
to a depth of 150 feet, they have both been worked on, though the 
northeast shoot is short. 

The greatest d^th reached in any part of the mine is in Big mine 
heading. The slope is 1,100 feet long, and descends in a northeast 
direction at an angle of 48°, then 38°, and again steeper near the 
bottom. The vertical depth is 700 feet below the oflSce. The bottom 
of the Cow Belly mine is nearly as deep (according to barometric 
observations). The Side Vein mine is not as deep, and the new vertical 
shaft will strike thb shoot 180 feet above the bottom of the Big mine. 

The Cow Belly mine is opened direct to the surface by its own 
slope and skip-traok coming out through the " cave " and southwest 
of the Big mine. It is connected with the latter by a horizontal drift. 
This ore-body is said to have been the most irr^ular in shape. 
Formerly, it was very lai^. When visited, the walls appeared to 
pinch the vein at the southwest; and at the northeast, the shoot, 
though still broad, included some beds of rock interstratified with the 
ore. The length from bottom rock to cap rock has also diminished. 
The pitch is to the northeast; the walls show an average dip of 60° 
to the southeast. But as the ore is rich, and as there is little water to 
contend with, and a probability that these pinches are followed by 
lower shoots or lat^r swellings of the ore-body, the mine is kept 
steadily going. 

The Big mine shoot also has varied much in its dimensions. Its 
average pitch to the northeast Is at an angle of 46° ; its walls show a 
dip of 55°-60° to the southeast. The new slope which runs to the 
bottom and through the center of " Broadway," or the largest part of 
the mine, is due northeast in its course, eaeHng a little near the 
bottom. This shoot, at the horizon of its greatest area, and in what 
is termed "Broadway," was 78 feet long and 60 feet broad. The 
working area, or horizontal section at the bottom, is 225 feet long 
(from southwest to northeast, or from bottom rock to cap rock), and 
18 feet wide (from foot wall to hanging wail). These dimensions 
indicate a great change in the shape, though the area of the cross 
eeotion is very nearly as great as it was above when the shape was 
more nearly square. But the bottom rock is not properly the limit of 
the ore, as some ore is left on the hanging wall side in a thin stratum 
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<»r kader, but too narrow to work with profit. The same is true at 
the northeast, in the cap rock. The latter, however, is said ia retreat 
more irrc^Iarly than the foot wall. And the superiDteadeDt, Mr. 
Pott«r, observes that the pinchea are due to the inequalities in the 
foot wall, which comes in and squeezes the ore both at the bottom and 
:at the cap. The workings follow the irr^iilarides as far as the ore is 
found of a workable size, down to one or two feet in breadth. In the 
bottom of this mine the inter-stratification of the mass of ore, with 
some layers of rock, is very evident. But where the vein is pinched 
very much, the prismatic structure of the ore looks more like that of 
a dike of trappean rock. The ore of this big shoot in the higher 
levels consisted of two well-marked varieties: a coarse, granular, 
or shot ore, on the Potter, or foot-wal! side, and a fine crystalline ore 
on the east, or Broadway part of the mine. A horse of rock then 
separated these two distinct varieties. Now the ore is much more 
uniform in its appearance and in character. It is still noted for its 
high percent^e of metallic iron, carrying scarcely any foreign 
minerals. This mine differs from the Cow Belly in being much 
better, and a. steam engine is necessary in the mine to force water to 
surface. The ore is raised in cars which run on the covered slope 
track to the surface. Machine drills, driven by compressed air, 
facilitate the breaking down of a large amount of ore. 

The Side Vein is on the southeast and hanging-wall side of the 
Big mine. The pitch of this shoot is, in the lower workings, to the 
northeast. The peculiar crossing of veins near the surface has 
already been mentioned. The general shape of this shoot b described 
by the mine superintendent as transverse to that of the Big mine, 
and from northwest to southeast. The horizontal cross sections on 
the levels, 478 and 548 feet (vertical depth), show a straight foot wall 
on the west-northwest, and an easterly and southward curving cap 
rock and bottom rock. Here it looks as if the ore-body were partly 
wrapped over a half cylinder of rock. The greatest dimeo^on ia 
irom northwest eastward and southward. From bottom rock to cap 
rock the distance is only four or five feet. And the latter, in places, 
looks as if it were a horizontal bed of rock ; while further to the 
east it rolls over and resumes its normal southeast dip and northeast 
pitch. As the ore becomes very narrow on the southeast it is not 
followed, and its e^iact shape is not known. At the bottom the cross 
section is almost T shaped. The ore of this shoot b rich, like that 
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•of the rest of the mine. The slope ruDoiog down on the foot or 
bottom rock is connected above by a drift, which runs a westerly 
course, crossing the strata for 90 feet, with the Big mine slope. The 
ore goes oat that way. The volume of water here is much less than 
in (he Big mine. , 

The Dickerson-Suckasnnny Mining Company is sinking a vertical 
shaft a few rods northeast of the old Dickerson mansion, and north- 
«aat of the mine entrance, office, &c. It is intended to cut through the 
Side Vein at about 180 feet above the Big mine, and to strike the cap 
rock of the latter not far from the present heading or end of slope. 
The depth is calculated to be nearly 800 feet. This shaft b to be 
divided into compartments for the pumps and for the hoisting cages. 
And it will, no doubt, greatly increase the capacity of the mine by 
JUcilitating the raising of the ore and the rapid movement of the men 
in and out of the mine. Most of the ore is shipped to the furnace at 
Stanhope ; a portion of it is sold for fettling. 

These shoots of ore, while they show evidence of stratification, look 
80 irregnlar as to favor the theory of their deposition in deep hollows 
or basins, or great injected masses ; but a more prqbable inference is 
that they were thus distorted and compressed by some unequally acting 
agencies during their upheaval and alteration from a horizontal posi- 
tion and sedimentary nature. 

Geology of New Jersey, 1868, pp. 570-574. 
Annual Report, 1879, pp. 51-52. 

1880, pp. 105-106. 

Cahfield Phosphatic Iron Ohe Deposit, Ferromont, Morris 
county. 
Annual Report, 1871, pp. 34-38. 
'■ 1879, p. 51. 

CanpielI) Mine, nearVannatta station, Morris county. 
Annual Report, 1873, pp. 42-43. 
1879, p. 52. 

Baker Mise (in Swamp), Vannatta station, Morris county. 

The lower Baker mine, aa it is also designated, is in the low groimd 
at the western foot of Mine hill, and on the level of the plains. MiB- 
ing operations were suspended here in 1883 on account of the leanness 
of the ore. The average percentage of metallic iron is reported as 
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ranging irom 35 to 40, with phosphorus low enoQgb to make it a 
Beseemer ore. Like bo many of oar ores available for Bessemer, it is 
qaartzoee, the silica io it varying from 5 to 40 per cent. Sulphur is 
present in traces only. The mazitnum depth of the mine is 300 feet. 
The Lackawanua Iroa and Coal Company own it. 
Annual Report, 1880, p. 106. 

Baeeb Mine (on Hill), Mine hill, Morris county. 

The mine, northeast of the last mentioued and on the north of the 
McCainsville road, is known as the Baker-on-the-hill. It also 
is owned by the Iiackawanna Iron and Coal Company. The ore ie 
rich and the vein ts said to average six feet in width. It has been idle 
for several years. 

Geology of New Jersey, 1868, p. 575. 
Annual Report, 1879, p. 52. 
1880, p. 106. 

Irokdale Mines, Irondale, Morris county. 

The present operations at Irondale are confined to the northeast 
shoots of the Stirling mine, now known as No. 13. The Corwin 
Mine at the southwest is not worked. Between it and the Stirling 
there is an interval of 700 feet in length, where the vein is lost. From 
the offset in the Corwin, 76 to 80 feet to the southeast, and from the 
more southeast position of the Stirling outcrop at the southwest slope, 
it has been supposed that the vein would be found, not in the range 
or strike of the Corwin going northeast, but somewhere southeast of 
that strike prolonged. The map on p^e 151 shows the line of outcrop 
of the main Irondale vein and the ofisets and courses here mentioned. 
An adit tunnel was driven in a northwest course from the brook level 
on the southeast, without finding ore. Test pits and shafts also have 
been sunk, but without success. It appears as if the vein was pinched 
out, or that there is a gap of barren ground between the Corwin shoot 
and those of the Stirling. The shoot which is now worked in No. 13 
Mine is large and long, and has been the stay of Irondale for years 
past. Its height is 120 feet and its averse breadth 10 feet. The 
slope descends on the foot wall in the line of the dip 380 feet, then 
runs northeast on the bottom of the shoot about 600 feet. The dip 
varies according to the rolls in the wall, hut may aven^ 40°, and to 
the southeast ; the pitoh of the ore is 17° to 18° toward the northeast. 
The vein at the bottom is pinched to a width of about a foot, where 
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die working stops. The walls are subject to rolls, and it is observed 
that where the foot rolls the vein widens, whereas, when the roll is 
in the hanging wall, it is pinched. And these rolls, of course, pitch 
to the northeast and make the shoots or irr^ular bunches of ore. 
The wall-rocks are mixed with ore to some extent. That on the foot 
is a hard, gray, feldspathic gneiss ; the hanging is more micaceous and 
hornblendic. The ore itself has a little feldspar irregalarly dissemi- 
nated tl^ough it, also a green mineral (augite?). It is, however, rich, 
and !s liked by the lessees, who use it at their Catasauqua furnaces. 

In order to strike a lower shoot, below that of the main North 
River mine, and also to test the northeast extension of the No. 13 
mine, two diamond drill holes have been put down in the low ground 
385 and 416 feet, respectively, southeast of the outcrop of the North 
River. No. 1 boring went through four feet seven inches of ore at a 
depth of 338 feet. No. 2, 30 ieet southeast of No. 1 hole, passed 
through fifteen feet six inches of ore at a depth of 365 feet. The 
. holes are vertical and the figures here given are vertical measurements. 
The results of these trials are very encouraging as they prove the con- 
tinuation of the shoot of No. 13 to the northeast and under the North 
river. The third bore hole was located 370 feet southeast of the 
Stirling outcrop and 840 feet northeast of the end of the same mine, 
or the gap between it and the Corwin. It was driven to a depth of 
601 feet and no ore was encountered in all this distance, A possible 
explanation of this failure to discover ore, is in the location of the 
hole so far to the east that the gentle pitch c^ the upper shoots of the 
Stirling carries the vein to the northeast of it. The hole pierces 
the barren ground, or pinch (it may be) below and following northeast 
the Stirling shoot. It proves a great thickness of strata destitute of 
all ore and that where it might have been expected. 

The Hahvey Mike, northeast of the North River offset, is idle^ 
And the only work in prepress in the HnsD Mine, northeast of the 
Harvey, is limited to the removal of pillars from the upper part of 
tike mine. 

It should be remarked here that the North River offset is toward 
the west, or into the foot wall, looking northeast, the reverse of that 
in the Corwin mine. It amounts to 130 feet. 

The Iroudale mines belong to the New Jersey Iron Mining Com- 
pany, L. C. Bierwirth, of Dover, f^nt. They are leased to the 
Thomas Iron Company. 
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Orchasd Mine, Port Oram, Morris connty. 

The Orchard mine has reached a depth of 700 feet, measared on 
the slope ; and the leogth on the veio, as worked, is oearly 1,000 feet. 
There are do ofisets in it, or pinches which eut oid the ore, although 
the ehoot structure is found well developed. The Orchard and Iroo- 
dale adit proves to be of great service in nnwatering the upper part 
of the mine and in relieving the pumps. This mine is owned by the 
estate of J. Cooper Lord. It was driven last year, producing fts mudi 
as SjOOO tons a month, for a time ; but the average rate of production 
is not much over 1,000 tons monthly. The ore is rich and finds a 
ready sale. Gen. J. S. Schultz, of Boonton, is the manager. 

Geology of New Jeraey, 1868, p. 578. 

Annual Report, 1879, p. 54. 
1880, p. 106. 

Ebb Mine, west of Mine hill, Morris county. 

Scrub Oae:, or Dell Mine, west of Mine hill, Morris county. 
These mines have not been at work during the year. 
The last ore raised from the Scrub Oak mine was in the summer of 
1881, when 820 tons were raised by the property owners, the Audover 
Iron Company. The ore-body is large, but the rock in the ore makes 
it lean. This vein appears to belong to the same range as the Canfield 
and Swamp Baker mines, and one which is characterized by lean 
siliceous ores, but low in phosphorus, and adapted to Bessemer pig 
manu&cture. 

Oeology of New Jersey, 1868, p. 596. 
Annual Report, 1873, p. 43. 
" 1879, p. 54. 

1880. p. 106. 

-J. D. KiNQ Mine, near Port Oram, Morris county. 
Annual Report, 1873, p. 43. 

Johnson Hill Mine, near Port Oram, Morris county. 

Geology of Now Jersey, 1868, p. 596. 
Annual Report, 1873, p. 46. 
1879, p. 54. 
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Hopp Mine, near Port Oram, Morris comity. 

This mine was abandoned by the lessees, the Andover Iron Com- 
pany, in July, 1883. 

Geology of New Jersey, 1868, p. 597. 
Annual Report, 1873, p. 46. 

1879, pp. 54-55. 

1880, p. 106. 

T)OLA.n Mine, Mount Pleasant, Morris county. 

This mine, named from its owner, Bishop Dolan, is under lease to 
Joseph Wharton, of Philadelphia, and is being re-opened. A tunnel 
is to be driven in to strike the vein. 
Annual Report, 1873, p. 46. 
1879, p. 5S. 

"Washington Fokgb Mine, Port Oram, Morris county. 

The Carbon Iron Manufacturing Company worked this mine to the 
'property line, since which time the vein has been opened by a new 
shaft, located a few rods northeast of the old one, and on the lands 
Ijelonging to the J. Cooper Lord estate. Between them there is a 
fault where the vein is offsetted into the hanging wall (going north- 
■eaat) about 10 feet. The new shaft is 108 feet deep, of which depth 
33 feet is vertical. The interval of unopened line between this 
mine and the western part of the old Mount Pleasant mine is about 
700 feet. This new mine of the Lord estate is sometimes known as 
the West Mount Pleasant, while the old mine on Mount Pleasant ia 
'termed East Mount Pleasant. 

Mount Pleasant Mine, Mount Pleasant, Morris county, 

The vein in this mine has been opened a long distance. Southwest 
-of the engine shaft, which is near the turnpike, it has been traced and 
worked more or less for 2,000 feet. And to the northeast the extreme 
-stoping is 800 feet away, and half way across under the swamp 
which borders the hill of Mount Pleasant on the northeast. The 
depth there is now 400 feet. The total length, of what is probably 
■one vein, of ore on this property, is nearly three-fourths of a mile. 
The greatest vertical depth reached is 500 feet. Five shoots of ore 
are now being followed down on their pitch to the northeast. Their 
.average height ia 60 feet, with pinches of 2 to 40 feet wide separating 
(them. The latter are also traversed by faults or orosa slides, and they 
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make good pillara between the shoots. The breadth of ore which i& 
mined varies somewhat, bat averages aboat eight feet. The dip is to 
the BOQtheast and at an average inclination of 57*^ ; the pitch, to the 
northeast, is at a considerably lower angle. The mine in remarkable- 
&r its offsets and cross slides. In the western part of the mine the- 
vein is ofi^tted both ways by several faults which displace it a few 
feet. A figure in the Geology of New Jersey, 1868, represented them. 
Near the brow of the hill, south of the road, the displacement amounts 
to 66 feet. The courses of these of^ets are in all cases nearly at right 
angles to the ore bed. A fine example of a lateral or side faulting is 
seen in the Eastern mine and 600 feet northeast of the slope and at a 
depth of 460 feet. The displacement is four feet, the breadth of the 
ore five feet, so that the continuity is not entirely broken. Its plane 
or course is right across the vein and is nearly vertical. The most 
marked displacements are the up and down, or the cross slides. Tbey 
have been figured and described ou page 65. They appear to- 
follow the pinches and separate the shoots of ore from one another. 
The walls of these slides dip to the northwest from 40° to 75°, or at 
right angles to plane of the dip of the ore beds ; and they are smooth,, 
in places ribbed and grooved. The amount of dblocation in the 
upper slide is 35 feet, in the second 5 feet, find in the lowest 14 feet,, 
completely separating the ore on the two sides. It is to be observed 
that the greatest break is at the top where the angle is steep. And in 
each case the ore bed has slipped down. The superintendent, Capt. 
Jos. Richards, says that when he meets with one of these cross-slide- 
walls, his practice is to sink down vertically through them to the ore. 
The walls of the raine are generally clean and firm. The irregu- 
larities in the size of the ore-bed appear to be due rather to rolls in. 
the foot wall, and particularly near the cross slides they flatten and 
approach the opposite or hanging wall. Yery little timbering is 
necessary. The quantity of mine water near the surface is large, but 
the lower stopes are comparatively dry. Three pumps, respectively,, 
14-incb, 12-inch and 8-inch cylinders, are in use. The ore is raised 
in buckets from foot of slope ; in the mine, cars bring it out of the 
several levels to the slope. It is rich, avenging nearly 70 per cent, of 
metallic iron and free from pyrite. The phosphorus is in excess of 
Bessemer requirementa. Id the pinches the ore often shows a pris- 
matic structure with its planes, at right angles to the walls, or some- 
what analogous to the trap-rock of some narrow dikes. The product- 
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of this mine haa been for many years steadily large aod has fouod a 
ready market on account of ita excellence. 

Geology of New Jersey, 1868, pp. 578-582. 
Annual Report, 1873, p. 44. 
1879, p. 55. 

3aeeb Mine, near Mount Pleasant, Morris county. 
Geology of New Jersey, 1868, pp. 582-583. 
Annual Report, 1873, pp. 44-45. 
1879, p. 56. 

BiCHABD Mike, Mount Pleasant, Morns county. 

The Richard mine occupies 2,700 feet of the ore range, extending 
from the Baker, on the southwest, to the Allen, at the northeast. The 
floutheaet vein is opened throughout, except near the Allen mine line. 
Bf^inning at the aouthweet, slope No. 1 runs down on the foot 
"wall, about 260 feet. It opens the shoot which entered the property 
from the Baker mine. No. 7 shaft, near No. 1 slope, but to northeast 
of it, is not now used. No. 2 shaft is 388 feet deep, vertically, run- 
ning on the foot wall after going about 150 feet straight down from 
the surface. Southwest of it 524 feet, there is an offset which has 
. not been cut through, though the drifting from each side has worked 
up to it. The course of this fault is at right angles to that of the 
vein, and it is almost vertical, dipping, however, steeply to the south- 
west. Shaft No. 3, like No. 2, goes down vertically, and then 
follows on the foot wall, and has a vertical depth of 402 feet. It is 
not in use at present, as water and ore are r^sed through No. 2 shaft. 
Northeast of this shaft 461 feet, and 166 feet from the Allen mine, 
another oflfeet is met with ; it too is very nearly vertical. But no ore 
has been found beyond it corresponding to this vein, although much 
drifting has been done in search of it. The shoot and pinch structure 
is shown in this vein in its " bunches " of ore and " squeezes." And 
they pitch to the northeast. Between shafU No. 2 and 3 there is a 
pinch which was cut through for 300 feet by a horizontal drift. And 
for all this distance the average thickness of the ore did not exceed 
twelve inches. Judging firom the mine map, this pinch pitches 
geutly to the northeast. In places, this vein has been as much as 20 
feet wide. Occasionally, there is some rock in the vein. According 
to the superintendent, Mr. Jenkins, the size of the vein is altered by 
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the " rolls " or inequalities vhich come id on botli the foot and hang- 
ing walls. 

On the north Baker vein, a new slope near the Baker line and 
Bonth of Mr, Jenkins' residence, was put down several years ago to &■ 
depth of 150 feet. The vein opened in it is 10 feet wide. But it 
has not been worked, as enough ore was had elsewhere and obtained 
more cheaply. 

The unwatering is by pumps in slope No. 1 and shaft No. 2. The- 
ore is raised in cars in the slope, and in buckets in shafts Nos. 2 and 
3. Compressed air and machine drills are in use. The ore is rich. 
It is all smelted at the company's furnaces at Hokendauqua. 

Northwest of the vein now worked, and 200 feet from it, there is a 
parallel vein which is known as the Powell vein. It was worked, 
previous to the panic of 1873, to a depth of 600 feet in one slope 
(measured on foot wall of shoot). There is another, but small vein, 
between the Powell and the southeast vein. Beyond the former there- 
are two other veins, both of which are small and are not much opened. 

This mine is the property of the Thomas Iron Company, and is 
worked by that company. Its history is certainly one of prosperity 
and of successful management. Its annual output is large. 

Geology of New Jersey, 1873, p. 583. 
Annual Report, 1873, p. 45. 
1879, p. 55. 

Allen Mine, Rockaway township, Morris county. 

This mine is one of the properties of the New Jersey Iron Mining 
Company. It is worked under a lease to the Andover Iron Company.. 

The exact relation of the veins opened on this property to the 
Baker and Powell veins, which are so well opened by the Richard 
mine, is not known. It has been assumed that the Allen workings 
were on the Powell, or northwest vein. But the tunnel into the hill,, 
and subsequent borings with the diamond drill, seem to indicate that 
they are on the main southeast or Baker, or the main Richard mine 
vein. The main tunnel runs northwest into the hill, a distance or 
600 feet, and strikes the ore at a depth of 130 feet below its outcrop. 
In this tunnel two small veins of ore were encountered — one near its- 
entrance, and the other about 100 feet from the main mine vein. 
They were not of size for working profitably. From the end of the 
tunnel, or from the main vein, a drift was carried into the rock 386 
feet, and then a boring 100 feet further, thereby cutting across nearly 



D,qit,zeabvG00»^lc 



THE STATE GEOLOGIST. Ill 

500 feet additioDal of strata on the foot-wall side of the ore, but 
without discoveriDg &ny more ore. Then, from the main vein, to 
southwest of the tunnel, a bore-hole was put in 600 feet in a southeast 
direction without encounteriog any ore. These drifts and borings 
appear to show that there is sq o%et between the Allen and the 
Kichard mines, assuming the vein to be one. From the large size 
of the Richard mine shoot of ore, up to the offset, near the Allen 
line, it seems reasonable to believe that the ore will yet be found 
beyond it of like dimensions. It is possible that the Richard mine 
shoot pitches down to northeast deeper than any of the stopes or 
drifts of the Allen mine. And there may be a wide pinch between 
the shoots of the two mines which the deeper workings of the Allen 
are now in, and through which they have not gone. The explora- 
tions at this mine show the hopefulness and energy of the owners and 
lessees in searches for additional shoots of ore. And the results 
obtained, though not encouraging, are valuable contributions to our 
knowledge of ore-bodies and suggestive of other points for explora- 
tion. They certainly deserve success. Very little work is being done 
at the mine at present. 

Geology of New Jeraey, 1868, pp. 683-587. 

AuDUal Report, 1873, p. 45. 

1879, pp. 55-56. 

Teabo Mine, Rockaway township, Morris county. 

The Teabo mine is on Teabo hill, southwest of Mount Hope. It 
is owned and worked by the Glendon Iron Company, The Hrennan 
vein, which was opened years ago, near the Mount Hope line, is not 
worked. The Teabo mine is opened by four shafts, of which Nos. 
3 and 4, to the southwest, are now in use, and both open one continu- 
ous shoot of ore. No. 4, the newer shall, is vertical for 100 feet, then 
descends on the foot wall to a depth of near 600 feet. The old work- 
ings on this vein have been abandoned for many years. The breadth 
of ore varies somewhat, owing to bunches and pinches, or squeezes, in 
it, but averages well, and the annual product of the mine keeps steadily 
large. The ore is carted to the Mount Hope Mineral Railroad line, 
to the southeast of the mine, as the side hill is too steep for an easy 
grade to the shafts from that road. The ore is used at the company's 
furnaces, at Glendon, Pa. 

Geology of New Jersey, 1868, pp. 587-588. 

Annual Report, 1873, p. 45. 
1879, p. 56. 
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Mount Hope Mines> Mount Hope, Morris county. 

The mines of the Mount Hope Mining Company (Lackawanna 
Iron and Coal Company, practically,) are in Teabo hill, at (he south- 
west; in Monnt Hope; and in Hickory bill, at the northeast. The 
property of the company extends to the northeast, beyond the Hickory 
Hill mines. 

At present the principal work is in the Mount Hope mines, and is 
confined to the Piatt mine, on the Taylor or Jugular vein, and the 
Side Hill and Teabo tieina. The Piatt mine has reached a depth of 
200 feet below the tunnel-level. The shoots are large and pitch to 
the northeast. The ore from the lower stopes is richer than that of 
the stopes above the level of the tunnel, and the mining is directed to 
the former, the upper and lean portion of the vein being left for the 
present. Hornblende appears to characterize the ore of this vein as 
the foreign constituent associated with the magnetite. The ore is 
raised in cars, which run on a skip track to the tunnel. The volume 
of mine water is not large. 

The Teabo and Side Hill veins are opened east of the Taylor vein, 
and on the eastern slope of Mount Hope, The former mainttuns a 
regular northeast strike, but the Side Hill appears to bend to east, and 
at the new shaft they are several hundred feet apart, as traced on the 
surface by openings and by the attraction. A few hundred feet further 
northeast, the attraction is lost, and is not recovered until past the 
Hickory hill offset. Descending, these veins approach one another, 
due to the northwest dip of the Side Hill vein in a part of its course. 
In places the walls are vertical, aud in the big shoot of the higher 
levels it has been supposed that the veine were together. In the sink 
the ore breadth of 12 feet does not exhibit the two characteristic 
varieties of ore which were noticed above, and it seems as if the Side 
Hill vein would yet be found to the east, or m the hanging wall. The 
ore of the Teabo vein is close-grained and breaks into cubical or 
rectangular masses, whereas the Side Hill ore is coarse-granular, but 
not a shot-like mass or aggregate. The reversed dip and the approach 
of the two veins, and their apparent union in the big shoot, make one of 
the most unusual modes of occurrence, and were it not for the dissim- 
ilar nature of the ore, they might be considered as the two sides of a 
sharp synclinal fold. The existence of the Side Hill vein to the east 
of the present sink will seem, however, to indicate the separation and 
continuanoe of two distinct ore-beds, .hut with varying dips. 
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The mine in the siak has reached a vertical depth of 420 feet, or 
330 feet below the tunnel. The ore at the bottom is rich, and the 
breadth is 12 feet Id the shoot above, it was 15 feet. In places it 
has pinched to five feet. 

Od Hickory hill the mines are idle, with the exception of the new 
mine to the northeast a half mile, on the top of the ridge. This 
mine is down 300 feet, and the vfin is six feet wide, but very uneven 
and "bunchy" in shape. These bunches, or shoots, pitch to the 
northeast. The dip is steep to southeast. The ore is rich and coarse- 
granular in structure. This mine opens the Brennan van. A large 
stock of ore is at the mine, Ets there is no railroad to it. A gravity 
line is possible down to the Mount Hope Branch. 

About a quarter of a mile north of this point, an old shafl, now 
fallen in, is on the Side Hill vein. Other attractions to west are prob- 
ably in the Jugular range. The identification of all the Mount Hope 
veins or ore beds throughout the whole length of Hickory hill will 
be awaited with interest, as indicating a remarkable belt of ore or 
series of veins. 

At the sonthwest the company is re-opening the Elizabeth drift in 
the north side of Teabo hill. Searches are also being made for the 
south extension of the Taylor or Jugular vdn in that hill. 

The ores of these mines are mostly sold to furnace companies in 
Pennsylvania. The annual output is still large, and the total product 
is probably greater than that of any other mine or group of mines in 
the State.* And the capacity seems as unlimited as at any time in 
all their history. 

Geoiogy of New Jersey, 1868, pp. 588-595. 
Annual Report, 1873, pp. 45-46. 

1879, p. 56. 

1880, p. 107. 

Dbnuark Minb, near Denmark, Morris county. 
Geology of New Jersey, 1868, p. 597. 

Greenville Mine, Greenville, Ilockaway township, Morris county. 
Annual Report, 1873, p. 48. 
" 1879, p. 58. 

These localities have not been worked during the year. They are 
three to four miles from railway stations. 

* Id 1880 the oggr^&te prodact of these mines was estimated at 1.000,000 tons. 
8 
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Chester Iron Cohfany's Mines, oear Deomark, Morris county. 
Six openingB have beeo made on lands of this company at the foot 
of the Copperas mountain range and north of Denmark. The 
explorations have not led to active working in consequence of the 
length of cartage to railway points- 
Annual Report, 1873, p. 48. 
1879, p. 58. 

Fabdeb Mine, Rockaway township, Morris county. 

Annual Report, 1878, p. 48, (Pardee & Canfield's Mine.) . 

Winter Shaft, Rockaway township, Morris county. 

Davenport Mine, Rockaway township, Morris county. 

These two mines are now under lease to the Mutual Iron Company. 
The Davenport mine proper has four Bhafts in a distance of 250 feet 
on the line of the vein, from the road southwest, and near the foot of 
the Copperas mountain. The deepest of them is 80 feet deep. The 
whole length opened on the vein is about S50 feet, and the ore has an 
average breadth of 10 to 12 feet. The shafts descend on the foot- 
wall to the southeast. The average dip ia 40°. The ore resembles in 
general character that of the Green Pond mines, which adjoin this 
property on the northeast. The so-called Winter shaft is 400 yards 
south of the Davenport, and at the west border of the marsh. It 
was sunk about a year ago, and to a depth of 20 feet. The ore was 
12 feet wide and rich, and coarse-crystalline in structure. It appears 
to carry less pyrite than the openings to the north. Another shaft is 
being put down nearer the foot of the mountain and 600 feet west of 
the Winter shaft. It is within a few yards of the open cut and 
workings of Messrs, Pardee & Canfield. 

An extension of the Green Pond Mines Railroad to the Davenport 
shafts affords means of loading directly from them. The road is to 
be extended south to the Winter shaft, and a branch to the new west 
shaft near the old Pardee mine. 

The further extension of this line southwest by Denmark and Mid- 
dle Forge would tend to develop the ore properties along this range, 
and furnish an outlet for the ores in that direction. 
Annual Bepoit, 1880, pp. 122-123. 
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Green Fond Mineb, Rockaway township, Morris county. 
These mines have been idle during the year. 

Annual Report, 1873, pp. 48-49. 
1874, pp. 23-25. 
1879. pp. 58-60. 
" 1880, p. 108. 

HowELi. Tract Opehings, Rockaway township, Morris county. 

KrrcHELL Tract Openings, Rockaway township, Morris county. 
Annual Report, 1879, p. 60. 
" 1880, p. 108. 

CHARLOTTEBUitGH MiNE, CharlottebuFgh, Morris county. 

This mine is now owned and worked by Cooper, Hewitt & Co. It 
has been in operation uninterruptedly since January, 1880, and has 
been under the superintendence of Edward George. The old and, for 
the present, abandoned holes are located near the pond, and to the west 
of the present shafts. As described by Mr. Gieorge, there appear to 
be five parallel shoots of ore within a breadth of 200 feet, from north- 
west to southeast, and all strike and piteh to the northeast. Three 
shoots are at present worked. The southwest ahai^, on the principal 
range or shoot, strikes the bottom rock at a depth of 100 feet. The 
ore was 40 feet wide, but narrowed going northeast to a breadth of 12 
feet. The dip is steep to the east-southeast. The pitch is flat, and 
nearer the pond the ore was in places within three feet of the surfece. 
The shoot next southeast, on the hanging-wall side of this one, is not 
so lai^, though it is worked. The greatest depth of the mine is 200 
feet. At the northeast the ore pitches under the pond. The ore at 
the top, and for four or five feet down, is red ; below it is hard, blue, 
and contains some pyrite. On the foot^wall side of the easternmost 
opening the ore is very rich and crystalline in structure. The hoists 
ing is done by a small steam engine, and the pumping by small 
steam pumps, as the quantity of mine water is not large. About 
5,000 tons are stocked and now on the bank. A switch from the 
Green Fond Mine Railroad runs to the mine, and the ore is loaded 
direct from the mine upon the freight cars. 

Geology of New Jersey, 1868, p. 596. 

Annual Report, 1678, p. 49. 

1879. p. 60. 

1880, p. 108. 
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Swedes Mime, Rockaway towaehip, Morris county. 
Geologry of New Jersey, 1868, pp. 551-554. 
Annual Report, 1873, pp. 46-47. 
1879, p. 56. 

SiOLEB Mine, Kockaway township, Morris county. 

White Meadow- Mine, Rockaway township, Morris county. 

GiBB Mine, Rockaway township, Morris county. 

Beach Mine, Rockaway township, Morris couuty. 
For notes of these four mines, see 

Geology of New Jersey, 1868, pp. 559-560. 
Annual Report, 1873, pp. 46-i7. 
1879, p. 56. 

HiBEBNiA Mines, Hibernia, Morris county. 

Three compauies work this long and continuous ore bed or tfetn of 
ore. The Andover Irou Company has the Lower Wood Mine, at the 
southwest; the Glendon Iron Company works the Glendon, Scott, 
DeCamp and Upper Wood lots, and, at the northeast, the Willis is 
leased to the Bethlehem Iron Company. Of these several mine lots, 
the Lower Wood, the Upper Wood and the Willis lota are owned by 
the New Jersey Iron Mining Company; the Glendon lot by the 
Glendon Iron Company, and the>Scott and DeCamp lots by othw 
parties. 

The whole line is worked, excepting the Willis mine. The Beth- 
lehem Company has suspended work for a time. 

The tunnel which was driven in on the line of the vein several 
years ago is occupied by the Hibernia Underground Railroad. This 
road runs as far as the Bethlehem Company's mine, and affords an 
outlet for the ores o^ all the individual mine tots. Each of the three 
companies has its switch and dump near the mouth of the tunnel and 
on the south end of the hill. There the ores are transferred to the 
Hibernia Mine Railroad. Thetunael also serves as a water-way, and 
the water pumped to this level then flows out through it. The 
motive power for hoisting and pumping of the Glendon and of the 
Bethlehem Companies remain as first placed, on the top of the hill. 
But no ore or water is hoisted above the tunnel. The Andover Com- 
pany has its engines outside and near the mouth of the tunnel. The 
latter company intends to put in a skip track to run down obliquely 
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on the foot wall, and bo iocreaae its capacity for raising ore. The 
Ihree miDcs are separated helow the tunnel by solid pillars of ore. 
Above it the mines are necessarily somewhat connected. The yearly 
^ product of these mines (or mine, as it is in fact one solid ore bed,) 
continues large, amounting, in 1883, to 94,519 tons. 

Among the more noticeable structural features, the following may 
here be mentioned. In the Upper Wood mine and in shafts Nos. 6 
and 7, the dip of the ore bed has continued, until near the present 
depth, to be steep to the northwest. But recently the direction has 
changed and the descent is now to the southeast. Elsewhere on the 
line the usual southeast dip has been the only direction observed. 

In the Lower Wood Mine there are two marked ofisets or faults. 
In both of them the courae of the fault is nearly at right angles to the 
Btrike of the ore, and the plane dips nearly vertically to the south- 
southwest. The displacement is to the southeast or hanging wall in 
each one. In one the ore is separated entirely, as the displacement 
exceeds slightly the breadth of the ore, which here is about 10 feet. 
At the northeast fault the dislocation is five feet only. The ore bed pre- 
serves its characteristic features on both sides of the oSset in each case. 

In this mine the foot wall shows more irregularities or rolls than 
the hanging wall. And in places it appears to pinch the ore by the 
slabs or layers of rock which come in on that side, replacing, as it 
were, the ore step by step. The hanging wall is generally firm, 
excepting a thin stratum of rock, which appears in places and comes 
off with the ore. Owing to the pinches the ore ranges from 2 to 20 
feet in thickness. And these thicker ore bodies or shoots pitch to the 
northeast. 

The deepest workings in the Lower Wood mine have resolved what 
were supposed to be two veins into one, and proved the rock to be a 
lu»"se lying in the ore. 

The bedded structure or stratification of the ore is finely exhibited 
in this mine, both in the deeper stopes and in the open cuts on the 
hill. And the two veina are to be seen in the open cuts on the hill. 

The gneiss outcrops, on the hill near the open cuts, show the mica- 
ceous schistose gneiss included in the gray feldspathio variety, some- 
what as the magnetic iron ore beds are in places enclosed by the same 
g;ray gneiss. 

Geology of New Jereey. 1868, pp. 661-664. 
Annual Beport, 1878, p. 47. 

1879, pp. 66-67. 

1880. p. 108. 
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Beach Glbm Mines, Rockaway township, Morris county. 

The Beach Glen mines are tjie property of the J. Cooper Lord 
estate, and under the management of Gien. J. S. Schnltze, of Boonton. 

Of the two veins, only the west one is now worked. From the 
southwest foot of the hill, a tnnnel, 1,600 feet long, runs in a nortli- 
east direction into the vein and gives au easy outlet for ore and water 
to a depth of 1 25 feet at the heading. Present workings about 70 feet 
deeper. The ore obtained from this vein is not so lean as that of the 
other and east vein. The latter is remarkable for its percenti^ of 
mica. The ore is sold for Bessemer pig manufacture, and the product 
is 800 tons monthly. 

Geol<^y of New Jersey, 1868, pp. 554-556. 
Annual Report, 1879, p. 57. 

Mebidbn Mine, Meriden, Morris county. 

RiQHTER Mine, near Meriden, Morris county. 

Cobb Mine, end of Splitrock pond, Morris county. 
These mines Jiave been idle for a year or more. 
Annual Report, 1873, p. 47- 

1879, p. 57. 

1880, p. 108. 

Geology of New Jersey, 1868, p. 556, (Meriden mine.) 

Splitrock Pond Mine, at head of Splitrock pond, Morris county. 

It is reported that this mine has beeu re-opened recently, bat noth- 
ing further is known of it. It has been mentioned in the 
Annual Report, 1873, pp. 47-48. 
1874, p. 28. 

1879, pp. 57-58. 

1880, p. 108. 

Wood Mine, north of Splitrock pond, Rockaway township, Morris 
county. 
The Pequannock Iron Company has recently re-opened a locality 
first developed by Wm, S. DeCamp several years ago, and located about 
two miles south of Charlottebui^h, and at the east side of the road 
leading to Splitrock, A great deal of work has already been done, 
and some ore is said to have been shipped. The locality was visited 
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in 1874, and referred to in the annual report for that year. (See 
pi^ 23.) It was not visited the last season. 

BoTTs' Mine, Rockaway township, Morris county. 

RocKAWAY Valley Mine, Rockaway township, Morris county. 

Deckeb Farm Opening, Rockaway township, Morris county. 

Excepting a little work done at one shafl of the Rockaway Valley 
mine during the summer of 1883 by Mr. Ripley, of Newark, these 
mines have been idle all the year. The buildings and machinery 
have been removed from the Rockaway Valley shafts, which were 
leased by A. Pardee & Co., and the mine abandoned. 
Annual Report, 1873, pp. 49-51. 

1879, p. 60. 

1880, p. 109. 

Gould Mine, Rockaway township, Morris county. 

Pi£E's Peak Mine (Stony Brook- mine), Rockaway township, Morris 
county. 

RiGHTEB Lot Opening, Rockaway township, Morris wTanty. 
Geology of New Jersey, 1868, p. 556, (Stony Brook mine.) 
Annual Report, 1873, p. 51. 

1876, pp. 54-55, (Stony Brook mine.) 

1879, pp. 60-61. 

1880, p. 109. 

Vbeeland Mine, neai^harlotteburgh, Passaic county. 
Annual Report, 1879, p. 61. 

Wanaque Mines, Pompton township, Passaic oounty. 

Geolc^y of Now Jersey, 1868, pp. 545-546, (Wynokie.) 
Annual Report, 1873, p. 52, (Wynokie.) 

Tellington Mine, Pompton township, Passaic county. 

Rhbinshith Mine, Pompton township, Passaic county. 

Monks Mine, Pompton township, Passaic county. 
Annual Report, 1873, p. 52, (Monka mine.) 

" 1874, pp. 25-26, (Tellington mine, Rlieinsmith farm.) 

1879, p. 61. 
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WrightN£Our Mine, west of Monks station, Passaic countj. 
Annual Beport, 1881, p. 86. 

BoABD Mine, near Monks station, Fompton township, Passaic 
county. 

The Pardee lease of this property was given up several years ago. 
The property is now under the management of Daniel A. Wheeler. 
In the spring of 1882, some further work in exploring was done, 
and near the old openings Mr. Wheeler found the ore near the sur- 
face from three to eight feet under earth, and in apparent strata 
of considerable thickness. The trial openings are a few yards north 
of the main mine and open cut. The beds dip about 30° easterly. 
And the ore is rather lean, consisting of quartz in fine granular 
mixture, with magnetite; very little feldspar or hornblende is seen in 
the mass, nor any apatite or pyrite. There is strong attraction about 
the old open cut, and for 150 feet east of it, but not traceable to north 
or south. In a shaft north-northwest of the open cut, a few yards, a 
bed of rich ore, about a foot thick, and associated with lean ore, was 
met with and followed to a depth of 25 feet. This ore must dip 
under the beds opened in the old mine. A few rods northeast of the 
mine, and running up the hill side to the Ringwood property, there 
is a strong positive attraction. Two pits were sunk on this belt of 
attraction by John Webb, when he had charge of the property under 
the lease to Mr. A. Pardee. 

A letter, recently received from Mr. Wheeler, reports that the mine 
has been leased by Joseph L. Cunningham, of Ringwood, who has 
already commenced the work of raising and shipping ore. An engine 
is to be set up and all the machinery necessary to run the mine. The 
outlook is said to be promising, and the ore appears to be richer than 
the surface openings indicated. The development of the locality is 
awaited with interest, as the surface indications and the attractions 
give promise of ore beds of considerable extent. 
Annual Eeport, 1873,-p, 52. 
1879, p. 61. 

Ringwood Mines, Ringwood, Passaic county, 

Of the Ringwood group of mines, the new Miller, Peters and new 
Peters, are at work. The new Miller mine has been actively worked 
for the past two years, and has yielded a large amount of rich ore. 
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The slope follows the shoot, descending on the foot wall at an angle 
of 55°. The foot wall dips at an angle of 60° toward the eoutlieast. 
The ore comes off clean from it. On the hanging-wall side the rock 
carries some magnetite. The shoot, to a depth of 150 feet, was lai^ 
having a horizon^ length, from the bottom rock at the southwest, to 
the cap rock at the northeast, of 300 feet, and an average breadth of 
20 feet. At that depth a pint^ was met with, and the ore breadth 
was reduced to five feet. The ore is fine grained and rich. 

The Peters and new Peters mines are in two parallel shoots. The 
southeastern shoot has been followed down 400 feet, or to a vertical 
depth of 240 feet, the pitch being to the northeast. The form of this 
shoot is rather remarkable for its great thickness, as compared with 
its length. The horizontal sectioa shows a length of 60 feet, and a 
breadth of 30 feet. The walls dip 40°to the southeast. The ore is 
rich and fine grained. 

The mine on' the northwest shoot is 200 feet deep, also measured on 
the angle of pitch, which is to the northeast. In shape it is more 
nearly a square, measuring 20 to 30 feet on a side. The dip of the 
strata here is steeper than in the other shoot, and is nearly verUcal, to 
southeast. They appear to be approaching one another, and near the 
bottom of mine, a horizontal drift 50 feet long, connects the mines. Id 
working the Peters mines, about one-third of the ore has to be led for 
pillars to support the roof and cap rock. But in none of these mines 
is there need of timbering, excepting in the construction of slopes. 

The mines on this property appear to prove the existence of well- 
defined shoots of ore, which vary somewhat in shape. Thus, the 
Cannon shoot was for a long distance of greater breadth than height, 
or a flattened cylinder of ore. At a depth of 400 feet it still retained 
a breadth (from foot to hanging) of 50 feet. The Hard mine, also, 
was followed to a depth of 400 feet, when the shoot gave out, though 
in this mine the walls were not so clean or well marked as in the 
Cannon, The pitch in all of them ia rather steeper than the average 
angle, and to the northeast in all cases. There appears to have been 
a greater compression of the ore into nearly vertical shoots, which are 
much like the so-called "ore chimneys" of the west. Instead of 
following on the line of strike in a more nearly horizontal direction, 
the work of mining has to proceed at a steep angle downwards. The 
pinches may be thinner, or the ore may be thinner, or the ore may be 
cat out entirely between the shoots. Thus far the mining and explor- 



D,qit,zeabvG00»^lc 



122 ANNUAL REPORT OF 

atioDs have not followed the pinches &r enough to tfist the extent, nor 
to prove that there are not other hodies of ore beyond them in the Ibe 
of the pitch. That the ore should be concentrated in these thick 
shoote, comparatively near th'e surface, and is not to be found going 
down much below the usual mine depth, ia contrary to experience in 
the iron mines in other parts of the State. 

The Ringwood ore deposits lie in feldapathic gneisses, generally ; 
but at the Keeler, the walls are of homblendic or syenitic gneiss. At 
the eastern foot of Hope mountain, both varieties crop out, in insu- 
larly alternating and thin layers. The gray variety is marked by the 
presence of garnet as a constituent mineral, making a characteristic 
garnetiferous gneiss. It is also noteworthy that the ore ranges are 
confined to the eastern slope of the Whaleback-Hope mountain range. 
The mines are worked by the owners of this tract, Cooper, Hewitt & 
Co., and the ore is sold to different furnace companies. 

Geology of New Jersey, 1868, pp. 646-560. 
Annual B«port, 1873, pp. 52-54. 
1880, p. 109. 
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Hager Mine, Holland township, Hunterdon county. 

DncEWORTE Openings, Holland township, Hunterdon county. 

Bloou Farm, Holland township, Hunterdon county. 

Mabtin Farm, Alexandria township, Hunterdon county. 

None of these localities have been worked during the year. For 
previous notices of them see — 

Annual Report, 1875, p. 86, (Bloom.) 
" 1879, p. 62-63. 

1880, p. 109. 

Petty Farm, Bethlehem township, Hunterdon county. 

Wrig£[T Farm, Bethlehem township, Hunterdon county. 

Case Farm, Bethlehem township, Hunterdon county. 
These three localities also are idle. For descriptions, see 
Annual Report, 1880, p. 128, 
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•Churcjh oe Vas Syckle Mine, Bethlehem township, Hunterdon 
county. 
This old iron ore mine has not been worked in several years. 

Geology of New Jersey, 1868, p. 616. 
Anau»l Report, 1873, p. 55. 
1879. p. 65. 

TuBKBY Hiu. OB West End Mines, Bethlehem township, Hun- 
terdon county. 
These mines have been steadily worked during the year by their 
owners, the West End Iron Company, and under the management of 
G, M. Miller, of this company. The deeper workings are reported 
to be down over 200 feet. The ore is suited to Besseoier pig, and is 
^shipped to Scranton, Pa. The same company works the — 

•SwAYZE Mine, near Valley Station, Hunterdon county. 

Here a wire-rope tramway is in successful operation, transporting 
ore from the mine to the C. R. R. line near Valley Station, a descent 
-of 618 feet in three-quarters of a mile. This, also, is^a Bessemer ore. 

The shipments from the mines during the year 1883 amouDted to 
16,000 tons. Previous notes of these Swayze and West End mines 
^are in the — 

Annual Beport, 1874, p. 27, (Broderick and Harris Mines.) 

1879, pp. 68-64. 

1880, pp. 109-110. 

Alpadgh Fabm, Bethlehem township, Hunterdon county. 

"Wildcat Mine, Bethlehem township, Hunterdon county. 

RoDENBAUGH MiNE, Bethlehem township, Hunterdon county. 

References for these three localities in 

Annual Beport, 1879, p. 65. 
1880, p. 110. 

^AsBUBY Mine, Bethlehem towpship, Hunterdon county. 
Geology of New Jersey, 1868, p. 617. 
Annual Beport, 1879, pp. 65-66, 
1880, p. 110. 

MiT.T.mt Fabh, Bethlehem township, Hunterdon county. 
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Mabekry Place, Bethlehem township, Hunterdon county. 
Annual Report, l673, p. 6S. 
" 1879, p. 66. 

1880, pp. 110 and 124. 

Banghast's Mine, Lebanon township, Hnnterdon connty. 
Geology of New Jersey, 1888, p. 617. 
Annunl Report, 1879, p. 66. 

EvEXAND Ming, Glen Gardner, Hunterdon county. 
Annual Report, 1880, pp. 110 and 124. 

Tbeeabeeby Mine, White Hall, Hunterdoa county. 
Annual Report, 1879, p. 66. 

Alvah Geay or Sakd Flats Mine, "White Hall, Hunterdon 
county. 
Annual Report, 187S, p. 66, (Fritta Farm.) 
" , 1879, p. 66. 
" 1880, p. 124. 

White Hall (Feitts Fabm), White Hall, Hunterdon county. 

Cabtnee Farm, Lebanon Township, Hnnterdon county. 
Annual Report, 1873, p. 56. 
1879, p. 66. 

Mattibon Openinq, Andersontown, Hunterdon county. 
Annual Report, 1880, p. 124. 

Hditt or Pidooce Mine, Lebanon'township, Hunterdon county. 
Annual Report, 1S73, p. 58. 

1879, p. 66. 

1880, p. in. 

Sharp's Mine, Pleasant Grove, Schooley's Mountain, Morris county. 

Hann Mine, Pleasant Grove, Schooley's Mountain, Morris county. 
Notes of Sharp's and Haon mines in 
Annual Report, 1878, pp. 66-57. 

1879, pp. 66-67. 

1880, p. HI. 
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DfiHRENBEBaEB Fabm, Schooley'8 Mountab, Morris county. 

This locality, recently opened, is south of " Belmont Hall/' and on 
the adjoining property known as the farm of the late John Derrenber- 
ger, but now owned by John P. Sharp. The ore near the sur&ce was 
a rich brown granular magnetite. Hard blue ore, more or less sul- 
phurous, was reached at a depth of 30 feet. The vein is tolerably well 
defined and is from four to five feet wide. The locality promises to 
be a good mine. The ore is used at the Chester furnace. 

Stoutenburqh Mine, Schooley's Mountain, Morris county. 

A notice of this mine appeared in the Keport for 1879. In that 
year, the owner, Mr. Stoutenbui^h, reported an output of something 
over 2,000 tons. Since March, 1880, the property has been held 
iiDder a lease by Joseph Wharton, and'little work is reported, except- 
ing the sinking of shaft on the Upper vein 50 feet deeper than it was 
before. A new line of attraction has been discovered running over a 
belt oi float ore, in a northeast direction from the old or first shaft. 
Annual Report, 1873, pp. 57-58. 
1879, pp. 67-68. 
" 1880, p. 111. 

FiSHEB, or Bbattyestown Mike, Schooley's Mountein, Morris 
county. 

Geoli^y of New Jersey, 1868, p, 618. 
Annual Report, 1879, p. 68. 

Marsh's Minb, Schooley's Mountain, Morris county. 

The Thomas Iron Company did some exploring work on this prop- 
erty of Wm. W. Marsh, about a year ago, and opened a vein, five feet 
wide and upwards, of hard, siliceous ore yielding on an average 45 to 
60 per cent, of metallic iron. It was followed to a depth of 50 feet. 
The attraction and indications generally point to a large amount of 
ore as probably underlying the property. The depressed condition of 
the iron industry paralyzes all exploring work. 

Geology of New Jersey, 1868, pp. 618-619. 

Annual Report, 1879, pp. 68-69. 

Dickinson Mine, Schooley's Mountain, Morris county. 
Hunt Faem, Schooley's Mountain, Morris county. 
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Lake Farm, Schooley's Mountaio, Morris county. 

Geolt^y of New Jeney, 1868, pp. 619-620, (Dickinson mine.) 
Annual Eeport, 1879, p. 69. 

Nauobright Mine, near Naaghrigbtville, Morris, county. 

Mr. Richmond, of Philadelphia, leased this mine of the owna-,. 
Theodore Naugbright, in 1883, and did a little work towards re-open- 
ing it and then suspended operations. It is now idle. 
Annual Report, 187.3, pp. 58-59. 

1878, pp. 99-100. 

1879, p. 69. 

1880, p. 111. 

Shabp Fabm, Schooley's Mountdn, Washington township, Morris- 
county. 

Rabick Fabm, Schooley's Mountain, Washington township, Morris 
county. 

HoPLEK Farm, Schooley's Mountain, Washington township, Morris 
county. 
For notes of Sharp's, Rarick and Hopler, see 
Annual Report, 1873, p. 59. 
1879, p. 69. 

FoOLE Place, near Draketown, Schooley's Mountain, Morris county. 
Annual Report, 1880, p. 112. 

Shouse Tunhel, east of Hackettstown, Morris county. 

Ckaher Mine, east of Hackettstown, Morris coun^. 
Annual Eeport, 1877, p. 49. 
1879, p. 70. 

Appleoet Farm, Mount Otive township, Morris county. 
Annual Report, 18S0, p. 125. 

Smith's Mine, Mount Olive township, Morris county. 
Geology of New Jersey, 1868, pp. 620-621. 
Annual Report. 1879. p. 70. 

Lawrence Mine, Mount Olive township, Morris county. 
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MousT Olive Mine, Mount Olive, Morris county. 
Geology of New Jersey, 1868, p. 601. 
Annual Report, 1878, p. 69. 

1879, pp. 70-71. 

1880, p. 112. 

Dbaeb's Mine, Mouut Olive, Morris county. 
Osborn'S" Mine, Mount Olive, Morris county. • 
Hilt's Mine, Mount Olive, Morris county. 

Chubch Mine, Mount Olive, Moms county. 

. Geology of New Jersey, 1868, pp, 599-601. 
Anoual Report, 1873, p. 59. 
" 1879, p. 71. 

The only one of the mines upon Mount Olive which has been 
in operation during the year is the line of openings between Turkey 
brook, at the southwest, and Mount Olive, at the northeast. The 
New Jersey Iron Mining Company owns the greater part of the line ; 
the lease is held by Messrs. Stickle, of Eockaway ; Wm. E. George, 
of Dover, agent and manager. There are two principal working 
shafts about 100 yards apart ; the deeper one going down 170 feet on 
the foot wall, at an angle of 45" toward the southeast. The working 
length on the vein is about 300 feet. The walls roll, forming shoots 
of ore which pitch toward the northeast, and pinching the vein in 
places, but nowhere cutting out entirely. - The ore has measured as 
much as 27 feet in width, but does not average more than five or six 
feet. One principal fault throws the vein into the hanging wall^ 
going northeast. The ore is rich, but contains some sulphur. Several 
thousands of tons of the ore are stocked at the mine, as demand has 
been dull. Bartley, two and a half miles southeast, is the nearest 
railroad station. 

King Mine, near Drakeville, Morris county, 

HiQH Ledge Mine, near Drakeville, Morris county. 

These mines are on the King property, a half mile northwest of 
Drakeville. Both of them are idle. The High Ledge mine is leased 
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to Joseph Wharton, of Philadelphia. It was worked for a lime last 
spriog. The King mine has been idle more than a year. 
Annual Report, 1870, p. 71. 

1880, pp. 124-125. 

Mahiot's Mine, near Sbippenport, Morris county, 

Gove Mine, near Drakeville, Morris connty. 

This mine has not been in operation dnring the year. It was last 
worked by F. N. Gove, of Brooklyn, It was sold recently to cloee 
litigation. There are two shafts down abont 400 feet. And there is 
said to be a thickness of seven feet of ore on the foot^wall side. The 
ore is very rich, but contains sulphur in scattering streaks of pyrite. 
Annual Report, 1879, p. 71. 
1880. p. 112. 

BuHT Mine, Drakeville, Morris county. 

This locality was opened years ago by Wm. S. DeCamp and others. 
In the spring of 1882, it was re-opened by the Old Furnace Mining 
Company of New York, by whom it has been steadily worked since 
that time. Within a distance of a quarter of a mile, there are seven 
shafts on the vein, whose outcrop is on the steep hill side, about 70 
feet above the meadow. The deepest of them is down about 80 feet, 
and is connected with shaft to northeast 100 feet away by under- 
ground drifts. The ore breadth in the shaft near the engine-house is 
24 feet; but there are no proper walls. In the next shaft to north- 
east, it is 6 to 7 feet wide, at depth of 50 feet The dip in the main 
shaft appears to be steep to the west-northwest, bat a roll in the wall 
may account for this direction, as in all the other shafts the usnal 
southeastern dip is observed. The ore is lean, and contains some 
pyrite. At time of visit, about 400 tons of ore had been shipped, 
and a muob larger amount was at the mine. A road has been built 
to the Delaware, Lackawanna and Western railroad track, a quarter 
of a mile distant. The locality is convenient for shipment, and there 
seems to he an abundance of ore. Its leanness may, however, oE^t 
the advantages of convenience to railroad and size of vein. 

Silver Spring Mine, Morris county. 

A new locality, which was worked by Whitlock & Lewis, of Dover, 
for a short time. The ore is sulphurous. A considerable amount was 
mined, but not shipped. 
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I>AVBNPOET Mime, near Berkshire valley, Morris county. 
Geology of New Jersey, 1868, p. 602. 

Lake View Mine, Morris county. 

This name is given to an old mine, which was re-opened in the 
autumn of 1882, by the present lessees, the Hopatcong Iron Com- 
pany. The mine is about a quarter of a mile west-northwest of the 
Lake View House, and 100 yards from the shore of the lake. There 
are three shafts, which are 85, 84 and 60 feet deep, respectively. The 
length of the ore opened, from northeast to southwest, is 150 feet, and 
the three shafts are all connected by drifta. The dip is toward the 
southeast, and aven^ thickness is about six feet, varying, however, 
somewhat, from point to point. The foot wall is clean, but on the 
han^ng-wall side the ore is mixed with rook. Most of the ore is rich 
and carries little sulphur. Some, from near the hanging wall, contains 
feldspar. An open pit, at north of engine house, is the site of an 
older opening, made abont twenty years ago. In it the strata stand 
vertically. Another old shaft is a few rods southwest of the present 
middle one. J. R. Rose, of Stanhope, is superintendent for the com- 
pany. The ore is carted to the C^en Mine Railroad, about one mile 
distant to the east, and is sent to Perryville, Penn. 

Noland's Mine, Lake Hopatcong, Morris county. 
Geology of New Jersey, 1868, p. 603. 

HxTED Mine, Hurdtown, Morris county. 

The Glendon Iron Company continues to work this mine bs vigor- 
ously as ever, and the slope has reached a length of, 2,100 feet, 
following the shoot of ore down to the northeast. The pitch remains 
about the same angle as in the upper part of the mine, and the walls 
dip almost vertically to the southeast. The height, from bottom rock 
to cap rock, measured vertically, is 65 to 70 feet ; the breadth, from 
wall to wall, 30 feet. The walls axe firm and clean. The practice is 
to drift, in the ore horizontally until the cap is reached, then work 
down the stope to the bottom rock. No ore is seen in the latter. As 
the cap has to be arched for security, there may be some ore left^in it. 
Thus far, howeVer,- there is no evidence of another and parallel shoot 
above this one. There is some rock in the form of flat horses, and 
thin layers which run out into the shoot ft^m the same, all of which 
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have to be removed in miniDg. The track is straight aod is laid 
upon the bottom rock. As the walls are so firm, no timbering is- 
necessary, excepting what is used in the construction of the slope. 
The amount of water to be pumped is not lai^, when the great 
length is taken into account, and four hours' pumping raises the water 
of 24 hours' gathering. The ore is hoisted in cars, which cany two 
to two and a half tons at a time, and which are switched at the head 
of the slope to the particular track where the ore is to be dumped. 

The ore continucQ^ to have the same general appearance which 
marked it years ago. Much of it is a rich, fine crystalline and shot- 
like mass; some of it is coarse crystalline, but equally rich. Some of 
it is sold for fadng. When visited, the mine was producing 700 tons 
weekly, and a lai^e stock of ore was piled up about the mine mouth. 

The side shoot, southeast of the old open cut, is not worked. It is 
peculiar in form, as it is 20 feet wide and only four or five feet high. 
It has been mined to the depth of 100 feet. The upper part of this 
mine and the southwest shoot, or, more properly, the displaced por- 
tions of this shoot to the southwest, and the feult, are exhibited in 
longitudinal section, on page 67. 

It is noticeable here that in the ledges of gray gneiss on the hill,, 
east of the mine^the pitch corresponding to that of the shoot in the 
mine, and the steep southeast dip, are plainly recognized. 

The mine is owned by the Hurd estate, and is worked under lease- 
from the heirs, by the Glendon Company. Nearly all of the ore is^ 
used at the company's furnaces, at Glendon, Fa. 

Geology of New Jersey, 1868, pp. 606-610. 
Annual Keport, 1873, p. 65. 
1879, p. 72. 

Lower Wbldon Mine, Jefferson township, Morris county. 
Annual Report, 1873, p. 65. 
" " 1879, p. 72. 

Weldon Mine, Jefferson township, Morris county. 

The last work here was done by the Weldon Mining Company- 
several years ago. It has always been an interesting place, 
because of the two shoots of ore which pitch to the. northeast at aa 
average angle of 35°. A longitudinal vertical section, on page 72, 
exhibits them in their correct proportions as worked out at the time 
the mine survey was made. As followed below the depth thereon 
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repreBeoted, the shoots pinched so small as no longer to be profitably 
worked. They appeared to divei^ slightly. 

Geology of New Jersey. 1868, pp. 610-612. 

Annual Report, 1878, p. 65. 

1879, p. 72. 

1880, p. 112. 

DoixjE Mine, Jefferson township, Morris cownty. 

The Weldon Mining Company operated here until 1881, since 
which date no mining has been done. F. N. Gove, of Brooklyn, is 
reported to have found some remarkable magnetic attraction and to 
have b^un searches for additional shoots of ore. 
Geology of New Jersey. 1868, p. 614. 
Annual Report, 1879, p. 72. 
1880, p. 112. 

FoHD Mine, Jefferson township, Morris county. 

The Ford mine is worked by A. Pardee & Co, for the supply, of 
ore to the Musconetcong Iron Works. Both the Glendon and the 
Ford veins are being followed in the mining, which has reached a 
depth of 250 feet. The walls stand up almost vertical, dipping to 
southeast. At the bottom, in the southwestern part of the mine, the 
ore is pinched up to a foot in width on the hanging-wall side of the 
vein. There is no oap-rock. The veins are large and the horse of 
rock between them is diminishing in size at the northeast. And it 
may be discovered that they are parts of one lai^ shoot at a greater 
depth. 

Geology of New Jersey, 1868, pp. 614-616. 

Annual Report, 1873, p. 66. 

1879, p. 72. 

1880, p. 113. 

SooPiBLD Mine, Jefferson township, Morris county. 

This mine continues to be worked by the Lehigh Crane Iron Com- 
pany, David Jenkins, superintendent. 

Geology of New Jersey, 1868, p. 616. 
Annua! Report, 1879, pp. 72-73. 
1880, p. 113. 

QoBLE Mine, Jefferson township, Morris county. 

Boss Mine, Jefferson township, Morris county. 
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Frabeb Mine, JefiersoD towDship, Morris coanty. 

DuFFEE Mike, Jefferson township, Morris county. 

Shongum Mine, Jefferson township, Morris county. 

No reports of the working of any of these places have heen received, 
and, so far as known, they have been idle for years. 

Geolc^y of New Jersey, 1868, pp. 612-614. 

Annual Report, 1873, p. 62. 

Mime keab Woodport, Morris county. 

This locality is at the side of the Sparta turnpike, about a half mile 
northwest of Woodport. The vein is reported as being five to six feet 
wide, and the ore contains some sulphur. No work has been done in 
two years. 

Cline Openings, Pohatcong mountain, Franklin townshijt, Warren 
county. 

Smith Opbningib, Pohatcong mountain, Franklin township, Warren 
county. • 

Dean Openings, Pohatcong mountain, Franklin township, Warren 
county. 
Annual Report, 1879, p. 73. 

Cabteh Mine, near Stewartsville, Greenwich township, Warren 
county. 
Annual Report, 1880, p. 125, (" Willever & Godfrey mine.") 

Chapin and Lohhasson Tunnel, near Oxford Furnace, Warren 
county. 
Annual Report, 1873, p. 60. 

Lanning Mine, near Oxford Furnace, Warren county. 

The openings on the S. Lanning place are southeast of the Car- 
wheel and New mines of the Oxford Furnace property, and are near 
the top of the ridge. The place was worked two years by the Oxford 
Iron Company, and yielded about 12,000 tons of ore in that time. 
It was abandoned last season ; and it has been idle since that lease 
expired. On the same property, but higher up on the hill, there is a 
belt of attraction where trenching and shafting, in search of the ore, 
have failed to find the bed or the cause of this magnetic disturbance. 
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It is one of the localities where the surface indicatioDs have not proved 
to be as good as they promised. 

Annual Report, 1873, p. 60. 

Oxford Fubhacb Mines, Oxford Furnace, Warren county. 

Of the several mines of the Oxford Iron Company, only the Car- 
wheel and the Washington have been worked during the year. The 
production is maintained at very nearly a steady rate year by year, 
and the ore is all used at the furnaces of the company. 

The Washington vein was surveyed by Wm. H. Scranton, and a 
map of the magnetic survey was printed in the Annual Report- for 
1879, page 96. It is important to note that the opening on this very 
regular line of attraction has discovered a very long and r^ular ore 
bed. And the ore is found to be lees sulphurous as the workings get 
deeper. The average breadth of the ore is nine feet. 

In structure the openings In the shoots of the Car Wheel and New 
mines show a very remarkable fold or bend in the course of the ore 
beds and the strike of the associated gneissic stra^ The main shoots 
of tlffse mines are parallel and close to one another, so that their 
workings are connected. Their course, or strike, is from northwest 
to southeast, but curving at each end so as to resume the normal 
northeast and southwest directions. At the northwest the vein curves 
around, and is thence traced, by continuous openings, into the Staley 
mine or vein. The curve at the southeast end of the main openings is 
also well defined, but it has not been traced as far in that direction. 
The dip in the mines is to the northeast, which corresponds with the 
southeast dip of the normal course at each extremity. Here there is 
a good illustration of a lateral fold or contortion in the rocks and the 
ore, produced, apparently, by a compreaeing force acting on a north- 
east and southwest line, so as to shorten the beds, and, also, bv/noking 
the ore in thick shoots where the folding occurred. The Lanning 
mine is thought to be on the extension of the range to the southwest. 
The other mines of this company, and on this tract, are also supposed 
to form parts of other, exterior folds ; but th^ need to be more care- 
fully examined to determine this position. And the proofs of fold- 
ing on a large scale must here be obtained from careful surveys. The 
causes have been referred to on pages 72-76. 
Geology of New Jersey, 1868, pp. 637-640. 
Annual Report, 1873, p. 61. 

" 1879, pp. 74, 96. 

" 1880, p. 118. 
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Oreaqbb Mine, near Port Murray, Warren county, 

Mitchell M^e, near Port Murray, Warren county. 

Johnson Shafts, near Port Murray, Warren county. 

Stephenson Mine, near Port Murray, Warren county. 
Notes of Port Murray mines in 

Annual Report, 1873, pp. 61-62. 

1879, p. 75. 
" 1880, p. 113. 

Bald Pate Mine, north of Port Murray, Maus&eld town^ip, War- 
ren county. 

Shafeb, or Welch Place, north of Port Murray, Mansfield town- 
ship, Warren county. 

Egbert Church Mine, north of Port Murray, Mansfield township, 
Warren county. 
Geology of New Jersey, 1868, p. 624, (" Bald Pate mine.") ^ 
Annual Report, 1878, p. 62. 

" 1879, pp 75-76. 

1880, p. 113. 

Searle Mine, Independence township, Warren county. 
Geology of New Jersey, 1868, p. 624. 

Barker, or Bulqin Mine, near Vienna^ Warren county. 

Buck's Hill Openinos, near Hackettstown, Warren county. 

Day Mine, near Hackettstown, Warren county. 

Frace Farm, north of Hackettstown, Warren county. 

Young Farm, north of Hackettstown, Warren county. 

Pyle Farm, north of Hackettstown, Warren county, 

AxFOBS Farm, north of Hackettstown, Warren county. 

Bryant Mine, near Warrenville, .Warren county. 

ExcEifiiOB Mine, Allamuchy township, Warren county. 
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EoREKA Mike, Allamuohy towoship, Warren county. 

TuNiBON Place, Allamuchy township, Warren county, 

WiNTERMUTE Farh, Allamuchy township, Warren county. 

HAGaBTY's Mine, Allamuchy township, Warren county. 

A long list of localities, scarcely any of which have been explored 
-and opened sufficiently to deserve the designation of mines; and, so 
far as known, all of them are idle at present. In a number of them 
the ores are lean, properly magnetite in rock, both stratified and 
massive; in some of them the veins are too narrow for profitable 
■working. In the few out of the whole number which have produced 
■ore in quantity, the distance from transportation would make the ore 
cost too much when the markets are so depressed as during the past 
year. 

Annual Eeport, 1873, pp. 63-64. 

1876, p. 52/ (Haggerty's mine.) 

1879, p. 76, (Haggerty's mine.) 

1880, p. 127, (Wititdrmute'a farm.) 

JBhookpibld, or Waterloo Mihe, near Waterloo, in Warren county. 
Geology of New Jersey, 1868, pp. 626-628. 
Annual Kepott, 1873, pp. S4r45. 
1879, p. 76. 

J"rench's Place, Byram township, Sussex county. 
Annual Report, 1873, pp. 66-67. 
1879, p, 77. 

Smith, or Cascade Mine, Byram township, Sussex county. 

A little work was done near the old shafts of this mine and west of 
them, on the hill side. The dip of the outcropping strata and of the 
ore beds is 35°— 45° to the east. The strike in all this vicinity is to 
the north, or a few degrees east of north. There is much dark colored, 
hornblendic rock associat«d with the ore, both on this hill and in the 
-old openings. For notes describing the mine, see 
Annual Report, 1873, p. 66. 
1879. p. 77. 

Allis Openings, Byram township, Sussex county. 
Annual Report, 1373, p. 66. 

1879, p. 77. 
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Htjdb, or Stanhope Mine, Stanhope, Sussex oonoty. 

The Hude mine haa been temporarily closed. It was last worked 
by John M. D. Barnes, of Irooia, for A. Pardee & Co. No ore was 
raised during the year. 

Geology of New Jersey, 1868, pp. 622-623. 
Annual Report, 1873, p. 67. 

1879, pp. 77-78. 

1880, p. 114, 

"Weight, or Bcdd Mine, north of Stanhope, Sussex county. 
Work was suspended here a year or more ago. 
Annual E«port, 1879, pp. 78-70. 
1880, p. 114. 

Silver Mine, near Stanhope, Byram township, Sussex connty. 

Haggebty Mine, near Stanhope, Byram township, Sussex county. 

Lawbence Mine, near Stanhope, Byram township, Sussex county. 
Notes of these mines in 

Geology of New Jersey, 1868, pp. 621-622. 
Annual Report, 1873, p. 67. 

Lawson Opening, near Byram cove,Byram township, Sussex conn^. 
Annual Beport, 1880, p. 127, (Lawless.) 

Gaffnby Mine, Byram township, Sussex county. 

Sickles Mine, Byram township, Sussex county. 

The northeast shaft of Sickles mine was pumped out in the autumn 
of 1882, and examined with a view to its being worked for the Sparta 
Mining Company, but no ore was raised. The mine is reported to 
have produced 2,000 tons of rich ore, suitable for Bessemer, and the 
vein is said to have an average breadth of four feet, between a good 
hanging wall and an irregular foot wall. 

Annual Report, 1873. p. 67. 

1879, p. 79. 

1880, p. 115. 

Sherman Farm Openings, east of Sparta, Sussex county. 

Bunker Farm Openings, east of Sparta, Sussex county. 
Annual Report, 1879, pp. 79-80, (Sherman and Bunker.) 
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Oqden Mines, Sparta township, Sussex coanty. 

The C^den mines group includes the Davenport mine, at the south- 
west, then the Roberts mine, the Pardee-C^den, and the old Ogden, or 
Xiehigh mioe. Only the Pardee-Ogden has been in operation daring 
the year. The present miuing is on a large shoot of ore which pitches 
to the northeast. The northeast end of the stoping is 300 feet beyond 
the foot of the shaft. The walls are vertical. The bottom rock runs 
nearly level, but descending slightly to the northeast. At the top the 
ore pindies to size too small for removing the ore profitably, and the 
roof is arched. The height of the shoot is 86 feet; its average 
breadth, 14 to 16 feet. As the ore thins out iu the roof, or cap rock, 
the actual limit in that direction is unknown, but in the bottom the 
ore is all removed, and there does not seem to be any more at greater 
depth. In these respects this shoot is much like that of the Hurd 
mine. It will be of interest to ascertain what the pinched mn in the 
roof may lead to, and to prove the absence of any lower shoots 
belonging to the same vdn or ore bed. 

At a distance of 100 feet from the northeast beading, the vein is 
odsetted into the southeast or hanging-wall ' side (as go northeast). 
The course of the fault is nearly at right angles to that of the vHti, 
and the plane of the same dips steeply south-sonthwest. The amount ■ 
of break is two feet more than the ore breadth, and a thin leader of 
ore connects the two on the hanging-wall side. 

The main hoisting shafl is now on the top of the hill, and beyond 
it, to the northeast, is the pump shaft. One 14-inch plunger pump, 
6^ feet stroke, working 6 to 7 revolutions per minute, raises the water. 
As the walls stand up so nearly vertical and are firm, no timbering of 
any amount is needed to keep them up. The mine is worked by A. 
Pardee & Company, and the ore is used at their furnaces at Stanhope. 

This Ogden mines range has been traced southwest nearly two miles, 
but the openings beyond the mines proper have shown the ore to be lean. 
Geology of New Jersey, 1868, pp. 681-682. 
Annual Beport, 1873, p. 68. 
" 1879, p. 80. 

" 1880, p. 115. 

Ghees Fash Openings, Hardyston township, Sussex county. 

Hopewell Fobqe Tract, Hardyston township, Sussex county. 
Annual Report, 1873, p. 68, (Greer and Hopewell.) 
" 1879, p. 80. " " 

" 1881, p. 38. « « 
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Camistrab Mike, Vernon township, Sosaex ooantj. 

Tbact and Cbabb Fabub, Vernon township, Sussex county. 

Henderson Fabh, Vernon township, Sussex county. 
For notes of these three localities, see 
Annual B«port, 1878, p. 70. 
1879, p. 80. 
" 1880, p. 115. 

"Williams Mine, Willismsville, Vernon township, Sussex county. 

The Williams mine is named irom the Williams estate, on which 
it is located. It has been worked st irT^;uIaF periods daring the past 
ten years. For a time it was leased by Fritz and Martin. Since that 
lease, Joseph Wharton, of Philadelphia, has had it, and it was in 
•operation for two years — up to April, 1883. Aeoording to the state- 
ments of the owner the*main shaft is 200 feet deep, and from it the 
ore has been followed 175 feet to the soatbwest, and 100 feet to the 
northeast, or a length of 275 feet in all. The bottom drifl is 60 feet 
long and the ore breadth 11 feet. The walls are clean and firm. 
About 400 feet sonthwest of the main shaft there is a second opening 
and a whim shaft 30 feet deep. The ore contains pyrite in crystalline 
masses, scattered unevenly through it, and needs to be roasted. Most 
of it was roasted in open kilns or heaps walled around with stone. 
Some very rich coarse granular ore was seen at the mine, which is said 
to come from the bottom stopes. There was no sulphur in these 
specimens. As the mine is three miles from the nearest railway sta- 
tion, it has to be hauled by t«ams that distance, but most of the way 
to Vernon is down hill.* The ore mined by Mr. Wharton was used 
in his fomace at Hackettstown. The buildings are of stone and very 
substantial, and the mine machinery is all in place, so that work can 
-be resumed whenever it is desirable to re-open the mine. 

Annual Keport, 1873, p. 70. 
1879, p. 80. 

BuTHEBFORD Tract Openinqb, Vemon township, Sussex county. 

-Hunt Tract Openings, Vemon township, Sussex county. 
Annual Report, 1873, pp. 70-71, (Rutherford and Hunt.) 
" 1879, p. 80, (Rutherford and Hunt.) 

'The BDiface of th« ground ftt the ia«in ihaft is 1,370 feet above the oceKi, the 
Mnoet elevated iion ore mine in the State, and piobablj in thia Highland range tiao. 
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Wawatahda Mine, VerDoa township, Sussex county. 

Gbeen Mine, Vernon township, Sussex county. 

These mines of the Thomas Iron Company have been described in 
Geology of New Jersey, 1868, pp. 632-637. 
Annual Keport, 1873, p. 71. 
1880, p. 118. 

Lattos Mine, near New Milford, in Vernon township, Sussex 
county. 
This mine has not been described in the Survey Reports, as it was 
not visited until in the spring of 1882. It consists of several shafts 
and trial pits, on a length of 550 feet from northeast to southwest, on 
lands of Jas. K. Layton, about half a mile east of New Milford and 
very near the New York State line. The place was first opened in 
1878. The mineral rights were afterwards purchased by S. D. 
Brown, of Faterson. It was re-opened in 1882, and worked until 
May, 1883, by the Layton Iron Company. When visited, the shafts 
and pits 'were only from 10 to 56 feet deep, and the ore thrown out 
was generally lean, having rock mixed with the magnetite. The 
attraction is nearly everywhere positive and steady throughout the 
belt in which the openings were located, promising well for the extent 
of the ore bed. So &r as observed no pyrite or apatite were seen in 
the ore, and its quality appeared to be such as would make it do for 



Since the visit to the mine, it is reported that the depth of the main 
shaft is 128 feet, and 75 feet of drifts cut from it show an average 
diickoess of 6 feet of ore. The southwest shaft is 45 feet deep, and 
in ore bed 6 feet across. According to a reported analysis, the ore 
runs 65 per cent, in iron, with traces of sulphur. It is low in phos- 
pborus. 

Kimble Farm Shafts, near Stockholm, West Milford township, 
Passaic county. 

BcDD & Hunt Tract Openings, West Milford township, Passaic 
county. 

KUTHERFOHD Tkact OPENINGS, West Milford township, Passwc 
county, 

Olinton TEAtTT MiNB, near Clinton, West Milford township, Pas- 
saic oounty. 
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Wallace Mine, north of Clinton, West Milford township, Passaic 
connty. 

Utteb Mike, Uttertown, West Milford township, Passaic county. 

No reports of the working of any of these localities during the year 
have been received. They are in the nature of explorations rather 
than productive mines. For notices in previous annual reports, see 
following : 

Annual Report, 1878, pp. 68-^9. 
" 1879, pp. 81-82. 

Wbllihg MmE, near Greenwood, West Milford township, Passaic- 
county. 
Annual Eeport, 1876, pp. 62-68. 
" 1879, p. 81. 

" 1880. p. 116. 

Centennial, or Squibh's Mine, near State line, West Milford 
township, Passaic county. 
Annua,! Report, 1876, pp. 63-54. 

1879. p. 82. 

1880, p. 116. 



REQUEST BELT. 

ScHTTLEB Mine, Oxford township, Warren county. 
Annual Report, 1878, pp. 72-78. 
" 1879, p. 82. 

1880, p. 116. 

RosEBEERY MiNE, Oxford towDship, Warren .county. 
Annual Report, 1878, p. 73. 

1879, p. 82. 

1880, p. 116. 

Bahton Mine, Oxford township, Warren county. 
Annual Eeport, 1873, p. 73. 

1879, pp. 82-83. 

Shoehaeer Fabu, Oxford township, Warren county. 
Annual Report, 1873, p. 74. 
" ■ 1879, p. 83. 
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Ebdelij Mine, Oiford township, Warren county. 
Annual Report, 1873, p. 74. 

1879, p. 83. 
" 1880, p. 116. 

LrPTLB Mime, Oxford township, Warren county. 
Annual Report, 1878, pp. 74r-75. 
1879, p. 83. 

Queen Mise, Oxford township, Warren county. 

The Belvidere Iron Company works this mine on a lease from the 
owner, Mrs. Queen. And it is sometimes known as the Belvidere 
mine. The exact shape of the ore body is yet undetermined, as no 
regular walls of rock have been reached, and the greater part of the 
drifting in the ore has been within 60 feet of the surface. The 
deepest shaft is reported as less than 100 feet. In consequence of the 
earthy nature of the strata associated with the ore, and the great size of 
the deposit, it is thought that the place will have to be stripped and 
worked as a great open cut, or else undei^round by a much deeper 
system of mining. The ore is low in phosphorus, and is used for 
Bessemer. Much of it goes to Scranton, Pa. A branch railroad 
connects the mine with the Lehigh and Hudson railroad, near Buttz- 
ville. The mine was actively worked all the year, and the production 
was at the rate of 1,000 to 1,600 tons a month. As one of the moat 
recently opened mines of the State, and in this Fequeet belt, it is of 
especial interest, and its development is looked forward to with 
interest. 

Annual Report, 1882, (Queen Mine.) 

OsMUN Place, Oxford township, Warren county. 
Annual Report, 1882, p. 73. 

Baxtb Farm, Oxford township, Warren county. 
Annual Report, 1873, pp. 76-76. 
■' 1879, p. 88. 

Pequbst Mine, Oxford township, Warren county. 
Annual Report, 1873, pp. 76-78. 
1879, p. 83. 
" 1880, p. 116. 
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Horr Fabm, Oxford towasfaip, Warren cood^. 
Annual fieport, 1873, pp. 79-81. 
" 1879. p. 83. 

Smith Farm, Hope township, Warren county. 
Annual BeporC, 1873, p. 81. 
1882, p. 78. 

Deats Place, Hope township, Warren county. 
Annual Eeport, 1873, pp. 81-82. 
1882, p. 73. 

Hendebshot, or HoAOLAND Place, Hope township, Warren 
county. 
Annual Eeport, 1879, p. 88. 
1880, p. 127. 

Cook Farm, Hope township, Warren county. 
Annual Eeport, 1881, p. 37. 

1882, pp. 78-74. 

KiSHPAUQH Mine, west of Danville, Warren county. 

At present, one slope only of this mine is in use — No. 3 — which 
runs down on the foot wall obliquely 350 feet. The workings to the 
northeast, in slopes Nos. X and 2, have all fallen in, as the ore has been 
removed from that part of the mine. On account of the great size of 
the shoots to the eastward, the pillar and long wall system of mining 
were employed instead of stoping, as ordinarily practiced in our iron 
ore mines. The pillars were subsequently rem.oved and the mine 
allowed to fall in, as has occurred. The average dip of the foot wall 
is 28° to die southeast; the pitoh does not exceed 15° toward the 
si>tUhwest. So far no offsets have been met. The shoot, which is now 
worked, ia 90 feet high and 18 feet wide, with a layer, one foot thick 
on the foot wall, of rich, hard, black ore, and generally separate from 
the main mass of the shoot. In the cap rock, over this shoot, a thin 
string of ore is left as being too small for profitable mining. The 
searches for other shoots to the northeast of slope No. 1 have failed to 
discover any ore there. And from the piteh to the southwest it i» 
evident that the Kishpaugh vein will be found in that direction. The 
discoveries on the Cook farm show its extension in that direction. 

Annual Eeport, 1873, pp. 82-84. 

1879, pp. 83-84. 

1880. p. 117. 
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CoRiJae Yabm, Hope townahip, Warren coiiDt^. 
Annual Keport, 1882, p. 74. 

Ibbchov Lot, Hope township, Warren ooanty. 
Annual B«port, 1878, p. 84. 
1879, p. 84. 

Stiff Fash, Hope township, Warren county. 
Annual Report, 1878, pp. 84-85. 

Potter Farm, Independence township, Warren county. 
Annual Report, 1873, p. 85. 

1879, p. 84. 

SniraoN Farm, Independence township, Warren county. 
- Annual Beport, 1879, pp. 84-85. 
" 1881, p. 87. 

1882, p. 74. 

Garhison Farm, Independence township, Warren county. 
Annual Beport, 1873, p. 85. 

" 1881, pp. 37-38. 

Davis Mine, Independence township, Warren county. 

Work on the place of Azariah Davis, near the north end of Jenny 
Jump monntain, was resumed last April by A. Pardee & Co., nnder- 
the direction of Mr. Tretheway, of Hackettstown, The older open- 
ings are on the top of the ridge. The lat«r work of exploring was 
on the slope west of Davis' house. The ore was discovered 7 feet 
wide, and bounded by good walla, which dip toward the southeast. 
It is lean, containing some calcite and other foreign constituents. 
After working six months in opening the place it was abandoned for~ 
the present. 

Annual Report, 1878, p. 86. 

1881, p. 31. * 

Albebtbon Place, Independence township, Warren county. 
Annual Report, 1878, p. 85. 

Shaw's Mine, Independence township, Warren county. 
Geology of New Jersey, 1868, pp. 669-660. 
Annual Report, 1872, p. 18. 
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Howell Fabm, Indepeadeiioe township, Warren oount^. 
Annual Report, 1678, pp. 85-87. 
" 1878, p. 1«. 

Cabboll Place, Independenoe township, Warren county. 
Annual Report, 1878, p. 87. 

Greeji Place, Independence township, Warren county. 
Annual Keport, 1882, p. 74. 

Cummins Mine, Independence township, Warren county. 

Work at this place was suspended November, 1882. The shaft 
had been sunk to a depth of 80 feet, and 3,000 tons of ore had been 
raised from the mine, most of it need at Secaucus. The ore carries 
some garnet, pyrite and other foreign constituents. . No regular 
walls had beeo reached. The mine has been worked under the 
superintendence of Mr. Tretheway, for A. Pardee & Co. 
Annual Report, 1881, p. 38. 

Ayres Place, Independence township, Warren county. 
Annual Report, 1881, p. 38. 

ScHAEFFER Farm, Independence township, Warren oouaty. 
Annual Report, 1878. p. 87. 
1880, p. 127. 

Maring Place, Allamuchy township, Warren county. 

Hibler, or LrvEBEY's Shaft, Allamuchy township, Warren county. 
Annual Eeport, 1878, p; 87. 

1879, pp. 85-86. 

1880, p. 117. 

Wintebmute's Opening, Allamuchy township, Warren county. 
Annual Report, 1880, p. 127. 

Haggbrty's Diggings, Allamuchy township, Warren county. 
Annual Report, 1873, pp. 87-88. 
1876, p. S2. 
1879, p. 86. 

Glendon Mine, Green township, Sussex county. 
Annual Eeport, 1878, p. 88. 
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McKban, or Bird Mike, Byram towoBhip, 9uBBez county. 

This mine is now idle. When it stopped, the greatest depth reached 
■was abont 90 feet. There are two main shafts, 100 feet apart. The 
dip of the ore bed b toward the sontheast at a steep angle. The foot 
wall consists of rock and ore mixed; the hanging wall is clean. The 
ore is sniphnrous, but is low in phosphorus. The present workings 
Are about 200 feet north of the old mine holes. Mr, Martin, of 
Newton, the present owner, says that the total product has amounted 
to 4,000 tons. The mine is one mile from the Sussex Kailroad. 
Annual Report, 1874, pp. 28-29. , 

" 1879, p. 76. 

1880, p. 118. 

Byerly Openings, Byram township, Sussex county. 
Annual Report, 1879, p. 86. 

!RoSEVXLLE Mine, Byram township, Sussex county. 

The Andover Iron Company re-opened this old mine in 1880 and 
raised abont 1,200 tons of ore. The demand for ores falling off, work 
was suspended in June of that year, since which date all baa been idle. 

Geology of New Jersey, 1868, pp. 628-631. 
Annual Report, 1873, p. 88. 
1880, p. 118. 

Andotbb Mine, Andover, Sussex county. 
Geology of New Jersey, 1868, pp. 640-657. 
Annual Report, 1873, p. 88. 

SuLPHnB Hill Mine, Andover, Sussex county. 

No work has been done in this mine during the year, and the former 
lessees, W. J. Taylor & Co., have abandoned it. 

Annual Report, 1S78, p. 88. 

1879, pp. 86-87. 

1880, p. 118. 

Tab Hill Mine, Andover township, Sussex county. 

The Lehigh Crane Iron Company stopped its work here about a 
year ago. The tuanel which was driven into the side hill with the 
design of cutting the vein at a lower level, discovered ore, in quan- 
tity, and bounded by regular walls, but too lean to be worked profit- 
ably. This garaetiferous ore appears to replace the richer ore which 
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wae opened on the suriaoe to the nortliwest. The work of ezploratioDr 
while praotlcall}' a failure bo far as the development of additional 
mining ground was conoeraed, has given us a striking example of the 
replacement of magnetite in part hy garnet. 

Geolc^y of New Jeney, 1868, p. 667. 
Annual fieport, 1880, p. 118. 

Longcobe's Mine, Andover township, Sussex county. 
Geology of New Jersey, 1868, pp. 667-658. 

Stiblxi^q Hill Mine, Sparta township, Sussex county. 

This mine was abandoned by the Franklinite Iron Company more- 
tban a year ago, sinoe which date it has been idle. 
Annual Report, 1877, p. 52. 

1879, p. 87-88. 

1880, p. 118. 

Hill Mine, Franklin Furnace, Sussex county. 

Furnace Vein Mine, Franklin Furnace, Sussex county. 

The Hill mine was abandoned in Februaiy, 1882, and the Fumace- 
iiiiue in November, 1881. There was so much rock in the veins that 
it did not pay to work them. Much dead work in drifliug and bor- 
ing with the diamond drill failed to discover other shoots. The series 
of shoots opened in the Furnace mine was so well marked above 
that a greater regularity was to be expected below than the seardies- 
indicated. 

Geology of New Jersey, 1868, pp. 658-659. 
Annual Report. 1873, p. 88. 

1879, pp. 88-89. 

1880, p. 118. 

Green's Mine, Vernon township, Sussex county. 

Bird Mine, Vernon township, Sussex county. 
Notes of these two mines in 

Geol(«y of New Jersey, 1868, p. 660. 
Annual Report, 1879, p. 89. 
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VII. 

EXPLORING FOR MAGNETIC IRON ORE, AND 
LOCATING MINES. 



The practical miner, in his work of exploring and of mining iron 
ores in the Highland^ of New Jersey, has to face the difScultiea which 
arise from the more or less complicated structure of this district. 
From the start he mast be prepared to find pinches, faults or oflseta, 
which may cut the ore bed at any angle and throw the ore away to 
right or left, up or down, reversed dips, reversed pitch, and often a 
combination of these disturbances or insularities in structure, 
making the problem still more intricate. Hence, the necessity of a 
practical acquaintance with the mode of occurrence and the peculiar 
features which are less commonly observed. The knowledge of these 
elements may be 'acquired through personal observation of many 
localities. The study of reports, of mine surveys and maps and of 
geolc^cal structure may serve in place of the more expensive method 
of personal inspection. In any case, these descriptions by others are 
valuable helps, which should be used by every practical man wishing 
to become thoroughly informed upon this subject. Many of the fail- 
ures in mining enterprises and in mine management in the State are 
owing to a lack of this acquaintance with the modes of occurrence of 
the mt^netic iron ore, or a dier^ard and consequent want of caution 
reepectiog them. The methods of opening and of working are not 
suited to the place. Often the manner/of exploring is not adapted to 
make a thorough search. . The abandonment of a locality by one 
explorer and the success of another coming afterwards, in so many 
localities, is explained by the more careful observations and mora cau- 
tiously conducted method of searching by the second party. Many of 
the so-called mines and openings in the preceding list are examples of 
this kind. But the most experienced and best informed mine super- 
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intendeate find their way continually beset with difficulties and per- 
plexing problems. Questions about the beet aod most systematic 
plans of working a well-defined vein or ore bed, arise from time to 
time. Then, the proper managemeDt of a mine is always looking for 
its reserves in cases of emei^nty. Hence, the need of exploration 
going forward with the extraction of the ore in sight. A wise plan 
includes provision for more than immediate wants. And here also 
comes in the choice of that direction which the work should take to 
make the most of all the varied resources of a good mine. In many ^ 
of our iron mines little work is done in opening more length than the 
existing force can occupy to good advantage. Many of them are 
driven nearly to their capacity so far as the development of the ore 
beds indicates. In some of the larger mines the exploring and open- 
ing of new shoots and increased lengths of working stopes is kept well 
ahead of immediate needs. 

Some of these problems which perplex the miner and interest the 
student of geological structure may be here indicated briefly. At 
Mount Hope, for example, the northward extension of die Taylor or 
Jugular vein in Hickory hill remains to be discovered. To the south- 
west, in Teabo hill, explorations are now in progress for this same 
vein. From the existence of the Teabo vein in this hill, as opened in 
the Teabo mine, it is reasonable to expect to find its companion to the 
west of it. Going south, at the Allen mine, there are very serious 
questions, and upon their solution may depend the future working or 
abandonment of the place. Expensive tunneling and boring with the 
diamond drill, in search for the so-called Powell vein (of the Richard 
mine), have thns proved unsuccessful. And yet it cannot be said that 
these searches were not well directed and necessary. The question is 
still unsettled whether the vdn of the Allen mine is identical with 
that at the southeast, in the Richard mine. As referred to elsewhere, 
the explorations are incomplete, and there remains to follow the large 
Richard shoot down, on its northeast pitch, passing the ofi^t, to the 
Allen line, and beyond on the latter property. The Richard mine is 
now working on a great length of ore, and.iB not troubled with pinches 
or serious laultu. But how soon these untoward conditions may come t 
A few months might make a very different showing. Adjoining it, 
at the southwest, is the abandoned Baker mine, whose broad and regu- 
lar vein was selected as typical of regularity, and surv^ed and mapped 
to show this feature. The ore pinched out in the bottom and three 
bore-holes by the diamond drill failed to find any workable thickneea 
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at greater depth. The question is asked by practical men acquainted 
with the mine, Where has that large and wgular shoot of ore gone? 
The northeast extension of it is on the Kichard property. But are 
there not other and equally !ai-ge shoots below ? On the long Mount 
Pleasant mine property there are numeroaa faults, and the displace- 
menta they produce require much care and skill in again iinding the 
ore. And that the vein deeper will be found ofifsetted is probable. 
These ofigets and cross-slides, as here met with, bring an element of 
uncertainty as to the probable extent of the ore to be obtained here, 
although so far the mining management has succeeded in getting 
through them. Southwest of Fort Oram, in the Irondale mines, two 
very laige offsets are recognized in all the mining directions. But 
beyond the Stirling, to the southwest, there is a gap or break of 700 
feet in the line, where no ore bed has been found. From the form of 
the shoots bottoming out at the southwest in the Stirling, it seems as 
if there must be a long piacb here, combined, perhaps, with faults, as 
the courses of the Corwin and of the Stirling outcrops indicate ; and 
the existence of a workable shoot at a considerable depth from the 
surface is not altogether improbable. At the celebrated Dickerson 
mine the shoots are so irregular in shape that their size at any great 
distance beyond the working section is almost speculative. Rolls in 
the walls, retreating cap-rock and other irregular features may appear 
at any time to alter the dimensions of the shoot. What may be 
termed the usual and continued irr^ularity here is, however, to some 
extent, a warrant for the persistence of these shoots to great depths. 
The relation of the three shoots to one another is still a problem. 
Some of the difficulties which are most prominent in that nearly 
unbroken range of ore, from Mount Hope to the Dickersob mine, 
have been stated. They are typical of what are to be foand in all the 
large mines elsewhere in this iron-ore district. In fact the problems 
outside of this range are in general more serious and troublesome, 
affecting in many cases the existence of mines. To mention all would 
be to go over the list in detail. In many cases it would be invidious 
to publish them. And there is scarcely an iron mine in the State 
where there are not some questioas of this kind which cause some 
anxiety to both owners and superintendents. 

These general statements, with a few notable examples, have been 

given to impress upon mine owners and superintendents the import* 

ance of more attention to the study of how these iron ores occur, and 

, especially how the ore beds may be disturbed by faults, pinches, &c. ; 
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and a more careful preaervation of records giving facta about audi 
disturbances. Henoe, also, Uie great need of frequent mine Burveya. 
Many of our companies keep (hem close after the work. Other lai^ 
mines have not been surveyed at all. Neglect has been, in several 
cases, the cause of expensive litigation ; in others, of badly located 
plant, and the loss of valuable data for future reference. The work 
-of the Geological Survey cannot take in all this Uetail. Its province 
is to map the surface, aud locate the mines and ore beds ; and gather 
all the available data, and so arrange them as to throw the most light 
upon the dark and difScult points, and thus make plain the structure 
■of the whole district. The surveys of the surface are nearly com- 
pleted. Maps of certain areas, or ranges of ore, on a larger scale, 
may still be essential. But, better than these representations of the 
surface, would be a map of the whole underground work. And this 
most-to-be-desired end can be secured only through the co-operation 
of all the mine owna^. A map of this kind, showing the exact rela- 
tion of mine to mine, would give us at a glance the whole series of 
shoots, pinches, faults, cross slides and other features, and would, 
without doubt, surest the Hues and points for further explorations. 
Uutil this aim is reached, an important part of our work is the dis- 
semination of such information as will stimulate searches in the proper 
location, and prevent others which are altc^ether hopeless. The 
explorer is not only to be guided, but also to be cautioned against a 
waste of capital and enei^. 

XKrections or rules for the guidance of those searching for new beds 
of iron ore have been given in previous reports of the Survey. They 
do not altogether cover the cases, such as have been referred to above. 
And recourse must be had to some economical and quick mode of 
cutting through the strata. For this purpose the diamond drill is 
used advantageously. Its employment in New Jersey has been con- 
fined to a few localities. In the West, particularly in the Marquette 
and Menominee iron ore regions of Michigan and Wisconsin, it has 
become indiapenaable and the success attending it has been very great. 
At Port Henry, New York, and at other points in the Adirondack 
r^ion, this drill is used to ascertain the size and shape of the ore 
bodies. Two localities where the diamond drill has been used to 
advantage, may be here referred to as illustratioaa of good work. 
The first is at Irondale, Morris county, where three holes were put 
down at the east of the Stirling mine outcrop. The accompanying 
page map of the vein shows the position of the bore boles. 
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In bore hole No. 1, the depth reached was 338 feet. The ore was 
4 feet 7 inches thick. In No. 2, the ore was 16 feet and 6 inches 
thick, and the depth 365 feet. These are vertical measurements. 
Hole No. 3 is 501 feet deep, but no ore was struck. The failure of 
No. 3 to strike the ore is explained b^ the descent of the shoot of the 
Stirling to the northeast, beyond No. 3. It onght, however, to have 
struck any shoot coming from the southwest, unless there is a broad 
pinch here, in which case a much greater depth would be neoessary to 
strike any shoot below it The discoveries in holea Nos. 1 and 2, 
prove the continuation of the large Stirling, or No. 13 shoot, beyond 
the present workings. Additional bore holes are desirable to test the 
gap, or break, between the Corwin and the Stirling mines. 

The explorations by Mr. Kvaas, in tbe Cooper mine at Chester^ 
have been referred to on page 93. A vertical section at right 
angles to the ore beds is inserted on the opposite page to show the 
results of this work.* 

The ore having been out out hj the bottom rock ooming in its place, 
the slope was continued on the dip of the foot wall to a depth of 150 
feet; and, as- no ore was found, borings were then made as follows: 
No. 1, at an angle of 60°; No. 2, 60°, and No. 3, 46°. In No. 1, 
the ore was found 14 feet thick at a depth of 103 feet. In No. 2, it 
was met with at a depth of 82 feet, and it was there 6 feet 7 inches 
thick. No. 3 was stopped at about 40 feet down, as the work was then 
suspended. These discoveries by the drill are interesting, as they 
indicate other shoots of ore below that worked at the surface. 

The success which has attended the use of the diamond drill at 
these points is suggestive and instructive. One disadvantage is that 
tbe dip of the strata is not easily made out from the cores, and a bor- 
ing might traverse a bed in the plane of its bedding, or at so small an 
angle with the dip as to indicate a great thickness of the same bed, 
and, if it were ore, give a false impression as to its thickness. But 
where the dip is so generally uniform, as it is over wide areas of the 
iron ore r^ion, there is little error to anticipate from this source. 
Aud, in piercing stratified rocks, the lamination or parallel arrange' 
meot of the minerals should be seen in circles around the cores if the 
boring is at right angles to the bedding, as it should be, in order 
to expose the most beds. As the dip is generally at angles of 45° to 

e kindly fQrDuhed by Mr. John D. Evuu, eaperin- 
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60° to the southeast, to do this the boritig most be directed to tlie 
northwest at angles of 30° to 45° from the horizon. The use of the 
diamond drill is preferably recommended in searches for the con- 
tinuation of shoots or ore beds alrelady known and partly opened. 
And henoe its employment in or about mines in searches for 
additional ore, either in the line of the vein or to test the ground on 
the' sides of the ore. 

The cost of boring is so much affected by varying circumstances, as 
the variety of rock, the angle of the hole, the supply of water for 
steam, as well as the skill of workmen, that no figures can be given. 
The range may be stated as from $3.00 to $6.00 per lineal foot. In 
exploring for new beds of ore, the drill is not to be recommended, at 
least not nntil searches have been made by means of trenches and test 
pits or shafts. 



EXPLORATIONS POH IRON ORE BY THE MAQNETIC NEEDLE. 

The Magnetic properties of the ore are very marked and are well 
known. Specimens taken from near the surface, are in many cases 
good and permanent magnets. And in some places the whole mass 
of ore is so highly m^netic as to cause the st«el tools used in working 
it to become permanent magnets and capable of attracting other pieces 
of iron or steel. 

The principal portion of the ore, after it is mined, is. not perma- 
nently magnetic itself, but it is always capable of being attracted by 
the magnet, and henoe its name of Magndiie. Its properties in this 
respect are like those of good, soft wrought iron. 

As the ore lies ia the earth in great sheets or flattened masses, it is 
influenced by the earth's mc^etism just as a mass of iron is when it 
is placed in the same direction and with the same inclination. Most 
of the beds of magnetite in New Jersey stand on their edges aud 
inclined downwards at various angles of dip, and the general direc- 
tion of the upper edges is northeast and southwest. They are in 
most cases covered by a few feet of earth, or sometimes of rock, and 
,when a miner's or a surveyor's compass is carried over it the needle 
is drawn out of its proper direction ; in most places over a bed of ore 
the north end is drawn downwards, but in some places on the bed of 
ore the south end is attracted. The attraction of ore for the compass- 
needle is well known. The explanation and significance of the difier- 
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-ent attractions need attention and study, and to further this end, as 
well as to induce a larger number of persons to engage in investi- 
gating this subject and giving it practical application, the following 
particulars are given, though most of them have been in former 
reports: 

I. The instrument used in investigating this subject and in apply- 
ing it to the search for iron ores, is the magnetic needle. This needle 
is fitted for use in two different ways : first, as in the surveyor's com- 
pass and the mariner's compass, where the needle, which may be from 
one to six inches in length, is carefully balanced on a vertical center- 
pin and has a motion from side to side aronnd this pin ; second, as in 
the dipping-needle and the miner's compass, in which the needle is 
mounted on a horizontal axis so as only to have an. up-and-down 
motion abont its axis. When the magnetic needle is free to move, it 
arranges itself so as to stand in a northerly and southerly line, in most 
places not exactly north and south, but in New Jersey, at this time, it 
points about N. 6° "W. andaS. 6° E., which is commonly called the 
variation of the needle. And the needle, which is balanced so as to 
stand level before charging with magnetism, will, after it is charged, 
if properly placed, stand with its north end inclined downwards at 
an angle in this latitude of about 60°, This is called the dip of the 
needle. 

The two ends of the needle are called its " poles," The one point- 
ing towards the north is the north pole, and the other the south pole. 
If either pole is brought near iron filings, or small pieces of iron, or 
magnetic iron ore, it attracts them, but if brought near the poles of 
another magnet, there is an attraction between the poles of different 
kinds and a repulsion between poles of the same kind; that is, a 
north pole attracts a south pole and repels another north pole, and 
a south pole attracts a north and repels a south pole. 

II. When a bar or rod of soft iron lies horizontal with its two ends 
pointing east and west, it is attracted by either pole of the magnet, 
and has itself no magnetic properties. But if the same rod is stood 
up on end, and then tested as to magnetism, it will be found to be 
magnetic, and its upper end will attract the north pole of the magnetic 
needle, and its lower end the south pole. In other words, it is a 
magnet, having its upper end a south pole and its lower end a Horth 
pole. It is, however, only a magnet in consequence of its position, 
-and will lose all its magnetism the instant it is laid down in an east 



D,qit,zeabvG00»^lc 



156 ANNUAL REPORT OF 

and weet direction ; and if it is again stood up, but upon the opposite 
end from that in the first trial, and then tested by the magnetic needle, 
the upper end will attract the north pole of the needle and the lover 
the south pole. 

The magnetic polarity in the iron rod is due to the influence of the 
earth's magnetism, and it is moet powerfully developed when the rod 
is in the position naturally taken by the dipping-needle ; that is, when 
the rod stands with its upper end inclined towards the south, at aa 
angle of 60° from the horizon. If the rod is not exactly in this posi- 
tion, its magnetism ia developed in the same way, but not so strongly, 
and it is less and less as it approaches the east and west position, 
though not all lost until very near that. 

The earth's magnetism produces the same eflfect on the beds of 
magnetic iron ore that it does on the iron rod. The beds of iron ore 
which stand in great sheets between the beds of rock, and incline so- 
that their edges come to the surface, are made magnets. Most of the 
beds have their outcropping edges extending along in a northeast aud 
southwest direction, but pitching underneath the surface towards the 
northeast. In all these, when the compass is pa&ed over them, the 
north pole of the needle is drawn towards the ore, just as it wa» 
towards the upper end of the iron rod. In passing along over the 
bed of ore towards the northeast, the attraction may grow lees and 
less as the ore descends farther beneath the surface, undl it is too far 
down to affect the needle ; or else, if the ore comes to an end or an 
offset, a north pole is developed in it, and then it attracts the south 
pole of the compass, jnat as the lower end of the iron rod did. This 
is called negaiwe aitradion. In the thicker beds, which crop out in a 
northeast and southwest direction, and which have a southeasterly dip, 
while there is positive attraction over the great mass of the ore, there 
is n^ative attraction developed along all its northwestern margin. 

The attraction is strongest in those beds which have the steepest 
dip, and which have their strike nearest to a north and south direc- 
tion ; and in those beds which are nearest to an east and west direction 
the attraction is the lightest. The attraction also varies in strength 
with the distance from the compass to the surface of the ore, there- 
being in almost all cases a covering of earth over the ore of from one 
to one hundred or more feet, which, of course, lifts the oompase to- 
that extent farther from the ore, and lessens its action in a proporti<m 
much greater than that of these simple numbers. 
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To make such examinations accurately, the best and most delicate 
compasses should be used, and the whole grouod be carefully exam- 
ined by both horizontal and dipping needles, before concluding upou 
locations for exploring or opening mines, or sinking shafts, or b^in- 
ning expensive works of any kind. With experience in the use of 
the magnetic needle, and a judicious study of its indications, locations 
■can be made with a good degree of certainty, but in the hands of 
unskilled men its indications may be interpreted so aa to produce 
much disappointment and pecuniary loss. 

After the ground to be tested has been carefully surveyed by using 
a dip compass, or still better, after a magnetic survey with the dial or 
horizontal compass has been made, the quickest and simplest mode of 
exploring is by trenching to the rock or strata. The trenches should 
run across the belt of attraction, and at right angles to the strike or 
course-of the rocks and the supposed ore bed. They can be located 
at distances of 50 to 200 feet apart, according to circumstances. 
TVom the results or discoveries made by thus uncovering the strata in 
sections across their strike, the location of the working shafts may be 
determined. In the iron ore region of New Jersey trial shafts are 
generally sunk first, and are located on the center line of the belt of 
Attraction. Trenching is not common. Those who are familiar with 
the working of the miner's compass by long experience can locate 
trial shafts with some d^ree of certainty of striking the ore. But 
they are often in error, though it be only a few feet, and yet enough 
to barely miss the ore bed. In the history of our mines failures like 
this are not uncommon. South of the glacial drift or terminal mo- 
raine, in the southwestern and southern parts of Morris county, in 
Hunterdon, and in Warren county south of Hacketlatown and Oxford 
Furnace, this method of opening the surface is generally practicable. 
But north of the moraine line, in the northern parts of Morris and 
Warren counties, and in Sussex, Passaic and Bergen counties, the 
glacial drift is in places too thick to allow of this mode of explora- 
tion. Where the covering of the rocks is of more recent age, as in 
the alluvial deposits of some of the vallfeys and smaller depressions, 
the distance to the rocky substratum may be too great to be reached 
in this way. 

In any case the outeropping ledges are to be examined and the 
course of the bedding to be ascertained, and also the dip, if possible. 
The magnetic iron ore is found in beds conformable to the rock strata, 
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uoleai it occurs in a dike or vein which is of irregular shape, and cuts= 
across the more common gneissic strata. This latter mode of occur- 
rence is more rare, and generally of no economic importance. It may 
be recognized by the absence of any signs of bedding and witbont 
division into layers. The beds of ore come to the surface or crop out 
under the overlying earth generally, and hence the searches should be 
directed to finding these ontcrops. Where the shoots are covered by 
cap-rocks, the outcropping end of the shoot (or, as it is sometimes- 
termed, the tail of the shoot,) is not so easily discovered, and a trench 
or trial shail might pierce the cap-rock, yet fail to reach the ore. But 
the attractipn must guide to this point, and trial shafts should not be 
.driven into the solid rock unless there is positive proof of ore under- 
neath it. As a rule, shafting in rock is the most expensive and the 
least successful mode of exploring. Failures without number result 
from a neglect of this caution. The small capital of the prospector 
is soon wasted. Whether at the surface or in the mine, a good rale 
is not to get far away from the ore, but follow it. 

Note. — The dip compass made by W. & L. E. Gurley, of Troy,. 
N. Y., was first made by them specially for our work, and is a good, 
instrument. Small compasses, with horizontal needles, of many 
different patterns, are in use; but that with a sun-dial upon it is 
fitted for doing the best work, as with the sun shining, and a good 
time-piece, the north and south line can be found, however much the 
needle may be disturbed by local attraction. 
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vm. 

DRAINAGE. 



The drainage of the Great Meadows, od the Pequest, in Wair^i 
county, continuefl to show its efficiency. The deepened channel carries 
off all the waters of ordinary rains within its banks, and the alight 
overflows which have been noticed, after one or two extraordinary 
rains, have quickly subsided without injury. The owners of this 
former swamp land are gradually bringing it under cultivation, and 
wherever it is cropped, it shows a decided superiority to any of the 
surrounding high grounds. The salubrity of the whole country in 
and around the meadows is unquestioned ; and the autumnal and 
miasmatic diseases, formerly so much dreaded, have disappeared. 

The plans for the drainage of the drowned lands on the Wallkill, 
and the flowed lands on the Passaic, which were prepared and pub- 
lished in the annual reports of the State Geologist for the years 1869, 
1870 and 1871, have not yet been put in course of execution.* The 
drainage of the lands is of great public importance, both for increasing 
their value and productiveness, and for the sanitary beneflts it would 
bring to the near inhabitants and to the State. It is hoped that 
means will soon be found for improving them by drainage, as well as 
to abat« the public nuisance which they are in their present condition. 

*Tbe drowned lande are all represented oa shast No. 4 of the new topogrsphical 
maps of the QaoSogioal Survey. This sheet covers the whole tract to the outlet 
canal. The courae of the Wallkill, the enrroiiDdiDg hilts and mountaioB, and the 
•levatioDB above ocean level, are shown by it. In that part of the tract which ia in 
New JerMjt. the npland islands, the wooded portions, the grassy lands, and the wet . 
meadows, ue iodioftted. 
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IX. 

WATER-SUPPLY. 



There is no other subject connected with our natural resources and 
products upon which the Geological Survey is so often consulted as 
upon that of the supply of pure and wholesome water. The fear of 
injury to health from the use of well-water, which may be con- 
taminated by undergound drainage from sinks, cesspools and surface 
filth, is very general, and most persons are helpless to oounteract or 
even to detect the pollution. The requirements of modern life, too, 
call for a more abundant and convenient supply of water than is 
usually to he obtained from shallow wells, or at moderate cost of 
labor or money from cisterns. 

To the numerous letters received, we have returned answers which 
we judged applicable to the cases; and we have made some examina- 
tions of water from wells. The suggestions in last year's report, in 
regard to getting a supply of pure water for our seaside resort** from 
artesian wells, has been successfully followed out, and Sowing wells 
are now in action at Ocean Grove and Ashury Park, and many more 
are projected. There is good reason to think that these wells will 
supply an abundance of water good for all household use, and 
absolutely free from any suspicion of surface contamiuation. The 
particulars of the wells bored have been given in the earlier part of 
this report, pp. 15-21. 

The demand for a supply of better water for the larger cities and 
towns in our State led the legislature to authorize the appointment of 
a commission to examine and report upon the sources from which such 
supplies can be collected and drawn. The commission was appointed, 
and has done a great deal of work in collecting and preparing material 
for the purpose of supplying the needed information in definite and 
practical form. A report from them is to be expected this winter, 
and it is to he hoped that their plans will — some of them — meet the 
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hearty endoreement and support of the people most deeply interested. 
The ofGcers of the Survey|have7been glad to furnisli such geol(^cal 
ioformatioD as would help in settling the questioos they have had 
under consideration. And it has given us great satis&ction to see 
that our topographical surveys and maps have heen sufficient to 
furnish the basis for their work, to save them a great deal of time and 
labor, and to enable them to accomplish in % single season what would 
otherwise have been entirely beyond the means provided for them. 

During the year the cities of Orange and East Orange have com- 
pleted the construGtion_of public water-works in a satisfactory manner^ 
and are enjoying the'benefits of an abundant supply of good water. 

The locations ' for the collection and storage of water within our 
State are sufficient for all the demands of the lai^est population ; but 
there is need for constant watchfulness to keep the streams free from 
pollution, and to preserve the water for its most important use, that of 
the household. 
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X. 

MISCELLANEOUS, 



NATTVB IBON.* 

Native iron has been fouod in smal] quantities both in the shale and 
the earth, in Raritan township, Middlesex coant^, about three miles 
east of New Brunswick, and one mile soatheast of the village of Fis- 
cataway. 

In the summer of 1882, an attempt vas made to deepen the well 
on the Van Born farm by boring. The shale was reached at Uie 
depth of 21 feet, and eontinaed in it for the whole depth bored, which 
was 74 feet. There was not much water found, but at the depth of 
60 feet it was observed that when the drill was raised from the well 
there were numerous particles and small grwns of iron adhering to 
the lower end of it. This attracted the attention of Mr. James F. 
HotchkisB, of Plaiufield, and the boring was continued further at hie 

*Nfttive iron hai baen foand at comptratiTtily few pointi in the airth'i larrftM. 
A ysiy fall d««criptioii of nndispnted localitiss or occnrrencei ii in Fogg«ndorf'( 
Annilan Am Cbeoiig, Vol LXXXVIII., -pmgfi 116, b; J. 0. BorDemM, in ui artiol* 
enUtlcd Satm Jron from Seuper, at MUhthmuen, in TKuringia. 

At tbii place Ihe iron nu found in th« ccatsr, or m ksroeli in amtll iphvroidkl 
moMM, or ballB whose onter ihell con«iat«d of mftgnetiU and limoDite or of pjrite io 
part. These balls occur in a coaly layer which it termed KoKUnUlUn, and which ii 
fossiliferooB also, carrying abundant remains of plants. Over it is a clayey sanditoa* 
contaioiDg ealamt^' remaini. Its thickness is from six to nine inobea. The largest 
of these iron baUi weighed 40 grammes. A chemical examination of the iron failed 
to discover aoy nickel or cobalt. The metallio portion was of irregalar shape, endoacd 
within the black, magnetic hall. The onter croit wu partly limonite. 

The metallic iron fonnd at Eamidorf, in Thuringia, showed on analysis S2.S per 
cent, of icoD, and 6.0 per cant, lead and 1,S per cant, copper. It weighed 12 oonees 
and WM associated with magnetite. 

NaUve iron azisls in small plates and tabular shape* id the platinam and gold eand* 
of the Orals in Siberia and in South Americft. These Me of steel gr»y color and eon- 
sirt «f metallie iroD, S6.33 ; platinum, 8.1S, and insolnhle 4.60 pkita. 
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expense and for the parpose of seeing whether it coald not he found 
in latter quantity by boring to greater depth. The boring was con- 
tinned on to a depth of 74 feet, but without any increase in the quan- 
tity of iron being found. 

Mr. Hotehkisa carried some of the iron to Dr. Thomas B. Stillman, 
of New York, who analyzed it and made the following report, viz. : 

"Iron (metallic)... 76.12 percent. 

PhosphoruB 0.27 " 

Sulphur 1.23 

' Sftica 11.20 

Tetanic acid 0.21 " 

" The above analysis was made upon the unwashed sample. The 
pure deposit might run 80 per cent, in iron." 

The iron was only obtained in smalt quantities, probably but a few 
ounces in all. On trying the surface earth about the farm, Mr. 
Hotchkiss found that a magnet would take out from it iron of the 
same kind with that got by boring. 

We have vi8it«d the well repeatedly and have tested the earth and 
picked particles of iron from it by the use of a magnet, so that we are 
satisfied there is no mistake or deception in the case. We have before 
this found metaltio iron, in fine partfcles, in our trap-rocks, as men- 
tioned in our Annual Report for 1874, page 66, but had not suspected 
its presence in onr red shale, which is a sedimentary rock of the Tri- 
asaic age, and the soil which is upon it is one of disintegration and 
not a drifl soil. 

In Biachof 's Chemical Geolc^, Vol. III., page 538, it is said that 
" Haurmann and Karsten mention many instances of the occurrence 
of metallic iron in sedimentary rocks, under circumstances which indi- 
cate its origin by reduction of iron compounds by organic substance." 
Ko explanation for the occurrence of the iron here is apparent as yet. 
There are a few of the grains which are as lai^ as pin-beads, bnt 
most of them are smaller and much is in fine dust. Some of those 
brought up by the drill are but little oxidized on the surface, while 
those found in the soil are rusted on the surface, and frequently are so 
completely oxidized as to leave but a small portion of metallic iron in 
the middle of the rusted grains. The metal flattens under the ham- 
mer and gives unmistakable evidence that it is a metal and not a 
metallic oxide. 
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Dr. P. T. AoBten, of Ratgera Coll«^, u engaged upcm a secoiul 
analysis of the metal. He has not yet completed it, thongli lie reporte 
that he has found a little copper in it. The subject is an interestiDg 
one, and though not of any economical importance it sn^iests inqui- 
ries and investigations quite new and different from those heretofore 
made. 

COPPEB ORES. 

In the annual report for 1881, mention was made of the renewal 
of work at the old Bridgewater copper mine, near Somerville, in 
Somerset county.' This mine had become the property of A. H. 
Hovey, Esq., of that place, and he had driven in tunnels immediately 
under the trap-rock of the First ridge of the Watchong mountains, 
and had found a fine show of rich ore, yielding 15 per cent, of 
metallic copper. Since that time Mr. Hovey has made further 
explorations, by driving a tunnel directly in under the tiup-rock of 
the mountain, a distance of 228 feet, and cutting side drifts off from 
the main one to the extent of 240 feet, so that these exploring galleries 
together have a linear extent of 468 feet-. In all (iieee the bed of 
sandstone next the trap-rock, for a thickness of from 1^ to 2^ feet, 
was ridi in copper. The galleries are about five feet wide, and the 
ore which has been taken from them is mostly piled upon the dumps, 
and is roughly estimated at 250 tons. A sample of the ore, made up 
from pieces taken from the ends of all the galleries opened, was 
assayed, and found to contain 19 per cent, of copper and 6 ounces of 
silver to the ton of ore. 

This is the most extended and promising opening ^at has been 
made upon the copper-bearing rocks of this vidnity. The occurrence 
of copper in its metallic form and as oxide and carbonate, in the 
triassic rocks, has been noticed from the earliest settlement of the 
country. Sometimes the copper is found in the red sandstones and 
shales where no trap-rock is known to be near it, but in most cases 
the copper ore is in the sandstone immediately in contact with the 
trap. And it is probable that in the oases where the ore appears in 
sandstooe and no trap is visible, that the latter rock is not &r beneath. 

The ores of copper have been found along the First mountain, at 
the meeting of the trap and sandstone, all the way from near Placka- 
mia to Chimney Rock, and on to the gap in the mountain back of 
Plainfield. They are seen both in the underlying and overlying 
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sandBtones and shales; but from the Btracture of the rocks, they have 
been more easily uncovered and tested, on the westerly and south- 
western face of the mountain, where the underlying sandstone meets 
the trap. 

The position of the trap, as an igneous rock intruded between the 
layers of sandstone, and constituting a great sheet of peculiar rock, 
along which copper ores are found on both its under and upper faces^ 
is easily understood and remembered. And it gives direction and 
encouragement to pursue a more systematic method in exploring for • 
these ores, and for mining them when proper explorations have beeo 
made. 

The numerous unsuccessful attempts which have been made to mine 
and work these triaasic copper ores, have led to a great distrust of their 
value. But the fine exposure of ore in this new opening, the better 
understanding of the geological origin and structure of the rocks 
bearing the ore, the improved methods used in smelting ores, and the 
enormous amount of such ores which can be obtained, all give encour- 
agement to renew the efforts to mine and work them profitably. 

The section shown on the preceding page, across the First mountaior 
Washington Yalley, and on to the Second mountain, shows the sand- 
stones and trap-rocks in their relation to each other. The section 
begins 3^ miles north of Somerville, and extends northeast for 1^ 
miles. The scale of the section is 1,200 feet to 1 inch. The workings 
for copper ore have been driven in only 228 feet, but thus far the 
under surface of the trap follows the bedding of the sandstone, with 
a dip of 11°, and as the overlying sandstone on the northeast slope of 
the mountain follows down at the same angle of dip, and is chained 
with copper ore in the same way quite to foot of the mountain, it 
seems probable that this intrusive sheet of trap, with its accompanying 
copper ores, continues its regular course between the beds of sandstone 
for the whole breadth of the mountain, and perhaps much farther,, 
underneath the sandstones of the valley and the Second mountain. 

The copper mines at Belleville, at Flemington, at Griggstown and 
at New Brunswick, have all shown fine specimens of copper-ore, but 
they are not now worked. With the accumulation of capital, the 
greater skill in mining and metallurgy, the better understanding of 
tiie geolc^ical associations of the ores, and the unequalled location of 
the mines for labor, fuel and markets, attention may fairly be called. 
to their claims. 
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A new localitj of zinc ore has been discovered during the year, on 
the Baub farm, between Buttzville and Oxford, in Warren county. 
It was opened by Messrs. Hart^pence, of Buttzville, and the property 
has been leased by them and A. J. Swayze, of Hope. The ore was 
discovered in a thin vein in a ledge of white crystalline limestone, at 
the north side of the Oxford road, and southwest of the Kaub farm 
house. A test pit is being sunk on the outcrop. The size of the 
vein and its relations to the limestone strata had not been ascerttuned 
at last reports from the lessees. This rock dips to the northwest. 
The zinc ore is apparently scattered through the rock, and it may not 
be limited to a single layer or stratum. The ore is a line crystalline 
black blende. Specimens have been received at the Survey office, but 
no assays or analyses have been made of them. Zinc blende in lime- 
stone was opened on this farm a few rods southeast of this locality tn 
1875.* 

GRAPHITE, FLUUBAOO, BLACK LEAD. 

The localities where this mineral occurs in quantity in the State 
have been described in previous reports-f The only locality which 
has been developed to any extent is that near Bloomingdale. It is 
owned by the Bloomingdale Graphite Company (M. J. Eyersoa & 
Sons), H. J. Dreher, Superintendent. 

The old mine was re-opened in the season of 1882 and about 300 
tons of lead taken ont, mainly from a drift started from the shafl 30 
feet down and running in a northeast course. The thickness of the 
graphitic beds was found to be at least 16 feet, though no walls were 
reached. The present surface work is north of the old shafl, a few 
yards, where the beds were supposed to be near the surface. The 
mine was 60 feet deep. 

The lai^ stock of material thrown out by the old company, with 
that raised last season by the present operators, has sufficed for the 
works since they have been going. The works are southeast of the 
mine, about 300 yards, and near a small stream. The old pond is 
used as a storage reservoir; a new dam lower down and near the 

*ADnQkl Beport, 1670, page 36. 

t Aniiakl Beport, 1878, pagee 163-166 ; Annual Beport, 1880. pi^;e ITS. 
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works gives 40 feet fall. But the motive power is mainly .supplied 
from a large steam engine. The ore is broken, crushed and then sepa- 
rated into the various grades, according to its fineness and purity, for 
«lectro^pers' use, for lubricating, for crucibles, founders' facings, stove 
polish and pencils. The present capacity is about 1,000 pounds a day, 
and a ready market takes the manufactured article at good prices. 

The great extent of the graphite- in the gneigsic strata at this 
locality, the convenient arrangements for working up the raw mate- 
rial, the nearness to railroad and the superior quality of the product 
form the basis of this new enterprise, and give promise of a rapid 
<levelopiuent into a large industry. 

Another graphite opening, which has not been described in any 
■of the preceding Survey Reports, is near Pottersville, on the farm of 
O. Fisher. It is in a side hill, a quarter of a mile west of Fisher's 
house, and south of the road leading to Fairmonnt Church from 
Pottersville. The place was opened three years ago. by Jacob Castner 
and F. Potter, who set up some machinery for separating it, but the 
place was soon abandoned. A shallow cut near the brook shows a 
graphitic gneiss and a coarse crystalline rock in which the graphite is 
a constituent. No determinations of the percentage were made. 



MASTODON BONES. 

The bones of a half-grown mastodon were dug up last summer 
about 300 feet southwest from the depot, at Corona, Bergen county, 
by Mr, David Fssex. They were in black earth, and two or three 
feet beneath the surface. The bones were very much decayed, so that 
but few of thein could be recognized. There was a piece of a tusk 
four or five inches long and two inches in diameter, and some broken 
teeth, which were much worn, and the crowns of some others which, 
probably, had never developed roots, and were still in the body of the 
jaws when the animal died. These crowns of teeth, which were in 
the most perfect preservation, were three and a half inches long, three 
inches wide and about one and a half inches high. 



DEEP BOBINOS IN EAHTH. 

The accumulations of glacial and of modified drift in the northern 
part of the State have covered the surface irregularly and obscured 
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the aoderlyiog rocks in the most perplexing mhnner, in the valleys 
of the Wanaque and the Ramapo rivers, where the surface is now 
plain and the earth gravelly or alluvial. Some borings have been made 
in the Wanaque valley during the past season to ascertain the depth 
-of the gravelly and earthy deposits by L. B. Ward, Esq., of the 
State Water Commission. 

Boring No. 1 " was sunk in the Post's brook outlet, in low ground, 
■a short distance west of the wagon road to Wanaque ; depth to (sup- 
posed) ledge, 116 feet; elevation to rock ledge above tide, 91 feet. 
The material penetrated for about 80 feet, beginning at the surface of 
the ground, was a loose, permeable sand, mixed with more or leas 
.fimall gravel, permitting the free passage of water. Below that level 
was a bed of very close, fine sand, constituting an apparently retentive 
bed. At the bottom of this, and immediately overlying the rock, 
was a layer two feet thick of fine gravel." 

Boring No. 2 " was sunk along side the Wanaque river in the 
narrowest part of the pass between the hills. The rock was found at 
-69 feet; elevation of this rock above tide is 145 feet. This boring 
penetrated only loose, gravelly material." 

Boring No. 3 " is incomplete. It has been carried down 75 feet 
through material similar to that of No. 1 at corresponding depth. 
"This boring is situated about half a mile north of No. 1, and in the 
■same relative position as to the Wanaque road as the latter." 

" There is a close correspondence between the depth of gravel 
-deposit overlying the rock in the main outlet of the Wanaque valley 
at boring No. 1 (116 feet) and that observed in the boring made in 
1865-6, on John Garrison's farm in the Ramapo valley, when rock 
was reached 117 feet below the surface of the meadow, boring through 
-a bed of gravel to that depth." 

A boring made on Bedloe's island, in tlie examination of the 
foundation for the Bartholdi statue, failed to find rock at a depth of 
-50 feet from the surface. The material passed through for the first 15 
feet was fine sand ; the remaining 35 feet was hard, compact gravel, 
with some bowlders, as reported by Alex. C. Chenewith, C.E., under 
whose direction the work of clearing the foundation was done. The 
^eissic rock, so abundant in New York ci^, makes its appearance on 
the west bank of the Hudson, in Jersey City, and undoubtedly makes 
-the west bank of the river channel down to Bobbins' reef, but it must 
•be somewhat below the bottom of this boring on Bedloe's island. 
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XI. 

STATISTICS. 



IRON ORE. 



The aggr^ate tonoage of iron ore over the several lines of trans- 
portation which croBB the Highlands, from stations in the iron-ore 
district, amounted, in 1883, to 498,293 gross tons. The total amount 
reported last year over the same lines was 897,183 tons. If to these 
figures the amounts received at the furnaces direct hy teams, and 
which are not incladed in any of the returns of the transportation 
lines, be added, the total amounts are : 

In 1882 982,762 tons. 

" 1883 521,416 " 

A decrease of. 411,8(16 " 

This decrease is equivalent to 44 per cent, or nearly one-half from 
the total for last year (1882). . Comparing with the reports for 1881, 
1880 and 1879, there is a decline nearly to the standard of production 
of 1879, when the reported aggregate was 488,028 tons. 

ZINC ORES. 

The tonnage of zinc ore over the lines which carry the prodnot of 
the zinc mines of Sussex county, to the furnaces using them, amounted, 
in 1883, to 56,085 tons.* 



The following statistics of clays, mined in the State for the year 
ending July Slat, 1883, have been kindly furnished by the Bureau of 
Statistics, through Hon. James Bishop, Chief of that Bureau, viz. : 

*Statuti<isof zinoorw carriad by the DelawMe, Lukftwaank uid Westoru, the New 
York, SoBqaehaaiia and WutcTD, and the Lehigh and Endaon Bailroada. 
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Fire-briek clay 273,000 tona = $1,056,000 

Fire aand 69,000 " = 69,000 

Foundry clay 20,000 " = 35,000 

Paper clay 1,000 " = 10,000 

White-ware clay 11,300 " = 79,100 

8tone-ware clay 18,000 " = 54,000 

Drain-pipeclay 100,000 " = 175,000 

Terra-cotta clay 8,000 " = 24,000 

600,300 " = »1,502,100 

Moulding sand 22,700 " = 34,000 

Eed-brick clay„ 559,200 " = 669,000 

Totals 1,082,200 " = »2,205,100 

According to these returns the busioeas of mining fire-clays and other 
crude materials of 'a refractory nature is steadily increasing in extent 
and in value. 



The statistics of brick also are from Hon. James Bishop, Chief of 
the Bureau of Statistics. 

Hackensack River yards 31,500,000 

Raritan and South Eiver yards 84.000,000 

Raritan Bay and Malayan Creek yards 18,000,000 

Trenton and Einkora yards (inckiding 9,000,000 

pressed hrickii) 32,900,000 

Delaware River (Pea Shore) 8,000,000 

Scattering yards, Camden and South Jersey* 6,000,000 

Yards elsewhere in State (estimated) 6,000,000 

Total ...* 186,400,000 

The product is valued at |1,480,700. 

These figures show a large increase over tlie total returns received' 
at tiie Survey ofBce, for the years 1881 and 1882, 

Eight fire-brick establishments report a total production . of 
20,500,000 fire-brick. 



The ntanufacture of pure lime, for building and manufacturing pur— 
poses, from the white, crystalline limestones of Sussex oounfy, is car- 

* Eatimate of Mr. Angustiu Beeve, of Gamdea. 
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ried on near Hambai^b, by two firms, viz., Sayre & Vanderhoof, wbo 
bave their kibis at the side of the railrmid south of the village, and 
by the Hamburgh Lime Company; and at McAfee Valley, by the 
White Rock Lime and Cement Company, The total produot of these 
companiefl, in 1883, amounted to 121,000 barrels, besides what is sold 
for agricultural uses. The demand for these limes is iucreaaing, neoes- 
eitating the erection of two additional kilns at McAfee Valley and 
giving full employment to the kilns at Hamburgh. All of the kilus 
are of improved pattern and have fire-chambers separate from the 
kiln-shai^ and all use wood. The greater part of the produot is 
shipped to Jersey City and New York, where it competes with the 
■best lime from Glens Falls and the Hudson river valley.' 
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XII. 

PUBLICATIONS OF THE SURVEY. 



The Annual Eeports of the State Geologist are printed aa- 
part of the l^islative docnmente of the State. They are largely 
distribated by the members of the Legislature. Extra copies are 
distributed by the members of the Board of Managers, and tfie State 
Geologist also distributes copies to librarieSj institutions of learning, 
and, as far as possible, to persons interested in such work. A list is 
kept of those to whom distribution is made r^ularly. Most of the 
extra copies of the reports of preceding years are all distributed. 

The Kefort of the Fire and Potters' Clays of New Jer- 
sey, with a map of the clay district of Middlesex county, published 
in 1878, has been very widely distributed. There are copies still on 
hand for distribution. 

A Preliminary Catalogue of the Flora op New Jersey,. 
prepared by N. L. Brittou, Ph.D., was printed in 1881, and dis- 
tributed to botanists for their remarks, corrections and additions. A 
great many of the plants have been notioed in only a single place in 
the State. By the circulation of this catal<^e among botanisfa, it is . 
hoped that many new localities of rare plants will be discovered, and 
the list thoroughly revised. The catalogues are to be returned after 
two or more seasons, and the notes in them used in making out a more 
perfect catalogue, for general circulation throughout the State. Only 
600 copies were printed, and these have already been placed in the 
hands of working botanists, and much has already been accomplished 
in its revision. The work oommends itself to all lovers of botanical 
science, and we are promised their hearty co-operation in completing - 
the revised edition. 

A Topographical Map of a Part of Northern New Jer-- 
8BY, on a scale of one mile to an inch, is printed, and has been dis— 
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tributed to some extent. In addition to the delineation of boundaries, 
atreame, roads and geographical matter, it has on it oontonr lines of 
level, BO that the elevations of the surface above mean-tide are accn- 
rately marked on all parts of it. This map has been very generally 
approved, and is in demand for laying out dnuns, ditches, water-works, 
roads and railroads, and for selection of building-sites, and as a stody 
for drives, bicycle excursions, etc. 

Sheets Ncb. 3 and 4 op the Topogeaphical Map op New 
Jebsey, as referred to on pages 11 and 12 of this report, will be* 
printed and ready for distribution about April lat, 1884. 

Geqlooioal Map of New Jersey. Scale, eix miles to an inch. 
The improvements goiog forward in the State call for a revision of 
our map very often. The one which was printed with the annual 
report of 1882, and was corrected up to that date, had some correc- 
tions in nulroads, some minor improvements in the geological coloring, 
and much was added in new places along the sea-shore, and the life- 
saving stations were alt located. 

The results of the Survey are intended for the benefit of the citizens 
of the State, and the Board of Managers have obai^ of and direct 
the distributions of its collections, reports and maps. The addresses 
of the members of the Board are given on page 3 of this report, and 
application made for publications to them, or through them to the 
State Geol<^st, will be received and given due attention. 
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Xtll. 
EXPENSES. 



The expenses of the Survey are kept strictly within the annnal 
appropriation of $8,000, and all bills and liabilities incurred up to 
date are paid in full. 
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XtV. 

PERSONS EMPLOYED. 



My owD time has beCD occupied with the business of the Surv^^ 
providing the men and means for carrying forward the work steadily 
and efficiently. I have been much interested in helping to carry 
forward various works for turning geolt^cal science to itd practical 
and useful applications. 

Prof. John C. Smock, Assistant Geologist, has been engaged 
specially in a review of our iron mines and mining industries, as is 
shown in this report. He is also eng^ed in collecting the materials 
necessary for the completion of the geol<^ to accompany the new 
topographical maps now being prepared. 

In consequence of the pressing need for Top(^raphical Surveys and 
maps upon which to properly locate and describe the geology, and 
the limited funds at our disposal, it has been thought proper to spend 
all that could be saved of the appropriation on the Top<^raphy. And 
neither Professor Smock nor myself have drawn pay for full service,, 
but have found partial occupation in other soientifio work. 

C. CuiHKSON Vebmeule, C:E., assistant in chai^ of the Topo- 
graphical Survey, has been pressing his work forward steadily through 
the entire year. 

Peter D. Staats, A.M., assistant to Mr. Vermenle, has been. 
engaged, principally, in surveying and mapping roads during the- 
entire year. 

Fred. W. Bbnhbtt, B.S., assistant to Mr, Vermeule, has been 
engaged in leveling and sketching for Topc^raphy during nine- 
months. 

Philip H. Bbvibb, B.8., assistant to Mr. "Vermeule, has been 
engaged in leveling and sketching for Topc^raphy during six months 
of the year, 

Geo. Hill, C.E., assistant to Mr. Vermeule, has been engaged in 
levelii^ and sketching for Topography during six months of the year> 
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Cybds W. F. Sprodl, student Eutgers Scientific School, has beea 
engaged in leveling and sketching for Topography during nine months- 
of the year. 

John G. Tait, student Rutgers Scientific School, rodman, fifteen, 
weeks. 

Wm, L. Hayheb, student Rutgers Scientific School, rodman, ten 
weeks. , 

Chableb Deshler, student Entgers Scientific School, rodman, 
seven weeks. 

Abthub C. Payne, student Eutgera Scientific School, rodman, 
seven weeks. 

Frank Van Brackle, stadent Eutgers Scientific School, rodman, 
seven weeks. 

Wm. F. Mabvine, rodman, ten weeks. 

In the chemical department no chemist has been steadily employed, 
but needed chemical investigations have been made by F. A. Wilber,. 
M.S., Assiafant Professor of Chemistry in Eutgers Scientific School. 

Prof. J. S. Newberry, of Columbia Collie, New York City, has 
nearly completed his monograph of the fossil fishes of our Triassie 
sandstone, and it will soon be ready for publication, with full descrip- 
tions and drawings. 

Prof R. P. Whitfield, of the American Museum of Natural His- 
tory, is making progress with his work of figuring and describing 
the invertebrate fossils of the Cretaceous formations of New Jersey. 
On<^ hundred and eighty species are described ; four hundred and 
ninety-six figures are drawn and ready for the engraver. 

Dr. N. L. Britton is still eng^ed in revising, correcting and 
improving the Catalogue of Plants of New Jersey, and it is expected 
that he will soon have entered upon the list very nearly all the plants 
growing in the State. 
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XV. 

^ORK TO BE DONE. 



PLAN FOB THE CWMDJO YEAB. 

The work of the Survey is now mainly directed to perfecting and 
arranging materials for publication. The eesential and important 
part of this is to have accurate and reliable maps npon which to 
delineate the various results which have been attained. For this 
purpose the Top<^raphical Surveys will be prosecuted with all the 
dispatch the means at our disposal will allow. 

The Topographical Maps, Sheets Nos. 3 and 4 of the series, shown 
on map facing page 11, are now done. Sheet No. 7 ia all engraved; 
Sheet No. 2 is drawn and ready for the engraver; Sheet No. 16 is 
nearly all drawn, and will soon be put in the hands of the engraver. 
The surveys for Sheets Nos. 6 and 17 are well advanced, and will be 
completed the coming summer. The surveys for Sheets Nos. d and 
13 will next be taken up, and, if possible, be completed the coming 
summer. 

Questions connected with the economic usee of geological and 
natural products are continually arising, and we give to them as 
much attention as possible at the time they are brought up. And 
geological notes are being collected and made ready for use whenever 
a final report shall be prepared. 

The larger part of the Invertebrate Fossils of the Cretaceous 
Formation are described and drawn, and the lithographer is at work 
drawing them on stone, and a considerable portion of them will be 
printed in the course of the year. 

The catalogue of the plants of the State is going forward, and we 
are glad to report that several hundred amateurs are helping to fill 
out and perfect it. 
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